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Abstract
Virtual Microscopy opens up the possibility to remotely access high quality images
at large scales for scientific research, education, and clinical application. For clini-
cal diagnostics, Digital Pathology (DP) presents a novel opportunity to reduce vari-
ability [Bauer et al., 2013] due to the reproducible access to Whole Slide Imaging,
quantitative parameters (e.g. HER2 stained membrane) [Al-Janabi et al., 2012],
second opinion and Quality Assurance [Ho et al., 2013]. Despite of the mentioned
advantages, the challenge remains to incorporate DP into the pathologists workflow
within a heterogeneous environment of systems and infrastructures [Stathonikos
et al., 2013]. Different issues must be solved in order to optimize the impact of DP
in the daily clinical practice [Daniel et al., 2012] [Ho et al., 2006]. The integration
needs precise planning and comprehensive evaluation for adopting this technology
[Stathonikos et al., 2013]. This thesis will focus on an organizational development
approach based on a Socio-Technical System (STS). The socio-technical approach
covers: (i) the technical issue: tissue-scanner, NDP.view, NDP.serve, analysis soft-
ware, and (ii) the social issue: pathologists, technicians. In order to improve the
integration, a joint optimization (of i and ii) is necessary. The developed STS ap-
proach will optimize the integration of DP towards improved workflows in clinical
environments. The improved workflows will reduce the pathologists turnaround
time, improve the certainty of the diagnostics, and provide a more effective patient
care within the covered institutions. An overt multi-site Participatory Observation,
Questionnaires, and Business Process Modelling Notation will be used to analyse
the existing pathological workflows. Based on this, the system will be modelled
with the 3lgm2-Toolkit [Winter et al., 2007] under consideration of various technical
subsystems that are present in the clinical environment. Afterwards, the interfaces
between subsystems and its possible interoperabilities will be evaluated, taking into
account the different existing standards and guidelines for image processing and
management, as well as business processes in DP. In order to analyse the existing
preconditions a questionnaire will be evaluated to establish a robust and valid view.
In addition, the overt participatory observation will support this elevation, giving a
deeper insight on the social part. This observation also covers the technical side
including the whole pathological process. The socio technical model will then reveal
measurable potential for optimization with incorporated DP (e.g. higher throughput
for slides).
The organizational development approach consists of a Socio-Technical System
based on overt multi-site participatory observations, questionnaires, business pro-
cess modelling and 3LGM2, will optimize the use of Digital Pathology in the daily
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clinical practice and raise the acceptance to incorporate integrate the new technol-
ogy within the dayly workflow through the user centred process of incorporation.
• Perform and evaluate a questionnaire and a participant observation of pathol-
ogists work days in private & public institutions
• Create and evaluate a 3lgm2 model
• Model the current pathological process (viewpoint of pathologist & technical
assistant) & perform and evaluate a contextual inquiry to elevate the patholo-
gists requirements & expectations towards the system
• Test the future WF according the model parameters
This project will detect unsuspected interrelations and interdependencies within the
socio- technical workflow with a pathology laboratory. The observation will reveal
the action conformity as well as the environment in which the process has to be
embedded. Furthermore it will establish an optimized workflow for a specific clinical
environment to prepare the implementation of DP. Additionally it will be possible to
quantify digitized images in order to improve decision making and lastly to improve
patient care. In the future it will be possible to extend automated image analysis in
order to support clinical decision support. Depending on acceptance, this can lead
towards an automated clinical decision support for cases with low complexity.
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1. Introduction
1.1. Motivation
Since the early 2000s the term telemedicine is continually growing and offering
more and more options to provide medical advice and treatment to remote areas
without causing long travels of qualified personnel. Innovations like virtual mi-
croscopy are offering solutions in the area of Pathology. But the transition from
classic- to virtual microscopy is afflicted with many challenges.
Though there are many successful transition-stories in a similar field of telemedicine:
teleradiology, where radiologic (image) material is sent via telecommunication to a
remote place, there are no such overarching solutions to pathology. A new dimen-
sion adds up to the challenge as soon as the scope is set to emerging economies.
This thesis focusses, as the title suggests, on the introduction of Digital Pathology
(DP) in South America, more precise Chile. The challenge lies within the geo-
graphic structure of the country: from north to south the country is measuring more
than 4000km offering everything from the lonely desert to the urban jungle in the
capital. The total population of Chile consists of 16,3 million inhabitants, from which
6,5 million are living in the capital city Santiago1. Through the high degree of cen-
tralization on the capital the medical care supply is impaired in remote areas. The
most severe impairments are experienced due to a lack of infrastructure, equip-
ment and expertise. These problems affect the availability and accuracy of patho-
logical diagnosis. In order to minimize and eventually overcome these problems
the SCIAN-Laboratory2 has acquired a next generation slide scanner3. This device
will provide reproducible access to high quality images of organic tissue samples
without the exposition to natural decomposition due to the preparation process of
the laboratory technicians.
The introduction of this technology is controversial all over the world and though
some nations e.g. Canada or Denmark are, or are close to use DP in the medical
routine, other countries are hesitating to use this technology for various reasons,
one of them being acceptance. But reasons are more manifold than this, and even
1see http://www.auswaertiges-amt.de/DE/Aussenpolitik/Laender/Laenderinfos/01-Nodes_
Uebersichtsseiten/Chile_node.html, accessed on 18.10.2014
2see http://scian.cl/portal/globals.php?COD_SECCION=2988, accessed on 18.10.2014
3Hamamatsu NanoZoomer XR
1
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1. Introduction
though there are some convincing benefits lying in inter institutional second opinion
and education, success of the implementation also depends heavily on the given
preconditions of the health system in a specific country. In Chile the health-care
landscape is offering not the best preconditions. 74% of the population are covered
by public health institutions, around 17% are privately ensured and 9% are taken
care of by other semi private institutions like the army4.
The CPDAI FONDEF project aims for a stepwise introduction of a slide scanner,
a new piece of technology and all of its benefits like the reduction of inter- and
intraobserver variation to all Chilean health care providers. In order to provide a full
DP solution several points have to be considered.
1.2. Objectives
As mentioned in chapter 1.1 it requires precise planning and a steady evaluation of
the conducted steps. Therefore a multi sided approach has been chosen to achieve
the primary goals of this project. The aim of this thesis is to present a detailed
architectural concept of the implementation under consideration of the critical suc-
cess factors and the key performance indicators involved in this project. Since this
project is residing interdisciplinary an appropriate approach, the so called "socio
technical system" approach has been followed. The components of this approach
will be explained in more detail later on. The thesis will answer the hypothesis
if this organizational development approach based on multi sided participant ob-
servations, questionnaires and modelling will optimize the use of Digital Pathology
and raise acceptance to incorporate the new technology through the user cen-
tered process of incorporation. With the elaborations of this thesis it is possible to
get an overview about the existing technical and social preconditions, weighing up
risks and chances implementing DP in a specific health institution, being public or
private. Additionally the complete process from preparing the tissues up to trans-
porting and re-sending it to the original owner is covered by a business process
model (BPM). Based on this model, another consecutive model has been elabo-
rated (3LGM2) showcasing the preconditions necessary between institutions on a
technical level, which is not covered in detail by the business process. The expected
acceptance can be identified with the aid of evaluation questionnaires, which is an
important factor to the success of a project like this. Additionally critical success
factors will be elaborated and addressed to spot project critical details. Lastly the
performance and maturity of the processes will be evaluated with the established
key performance indicators (KPIs).
4see http://web.minsal.cl/, accessed on 18.10.2014
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1.3. Structure of the thesis
1.3. Structure of the thesis
This thesis is structured in four major points. The fundamentals chapter will give
an insight into the external preconditions to understand the methodology justifying
the approach. The methodology block covers everything that has been done in the
context of this thesis allocated by phase. In order to be able to offer a solution
concept a requirement analysis has been done. The result chapter is concentrat-
ing on the outcomes of the applied implementation of the methodologies. The final
chapter "conclusion" is engaging critically the conducted project together with all
used methodologies. In the discussion the work is judged for applicability and in-
teroperability within the scope of the context. The final chapter describes the future
opportunities for this project, where it can lead and where are the definite limita-
tions.
3




Pathology describes the doctrine of sufferings in which all the morphological changes
that can be observed are examined. It is based on the assumption, first made 1700
by Morgagni, that dysfunctions caused by diseases are correlated with characteris-
tics and morphological changes in organs and tissue [Büttner et al., 2003]. In order
to observe these structural changes it was necessary to help the human eye by
magnifying the regions of interest. Since the early 20th century the microscope has
been the tool of choice as a part of medical research [Kriss & Kriss 1998]. Ever
since then the methodology of observing did not change much while new possibili-
ties for the classification of diseases arose.









All disciplines, despite the fact that the education is slightly different, share the
unified need for microscopically analysis and can thereby be enhanced by the latest
IT-developments [Weinstein et al., 2009].
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2.2. Telemedicine
2.2. Telemedicine
Telemedicine first came up around 1990 and is described accurately as a method by
which patients can be examined, investigated, monitored, and treated, with the pa-
tient and the doctor being located at different places [Kumar & Dunn 2009]. Short-
age of resources, is a growing topic in today’s society and has to be considered.
Additionally mandatory judicial regulations from the correspondent country ensure
the best possible practice of telemedicine. This arises a new challenge for stan-
dardization institutions. A special relevance is applied when introducing technology
to a development country. Naturally, resources are limited and necessary infras-
tructure is not necessarily provided. Thus the potential benefit is extremely high
since the population may not have the possibility to travel to an institution due to
long journeys and lack of funding.
2.3. Virtual Microscopy
Virtual microscopy describes the access to histological material via the internet,
any time and from anywhere. Hereby the quality is comparable to conventional
histology. Earlier microphotography was utilized since there were no broadband
internet connections available. These methodology offers, in comparison to Virtual
Microscopy, several shortcomings.
Microphotography Virtual Microscopy
• Recording of a picture (extract)
• static image with a fixed magnifi-
cation
• Image section without reference
to the whole image
• Digitalization of the whole object
holder
• dynamic image including zoom-
ing functionalities
• Simultaneous view of an
overview in combination with
a detailed view
Table 2.1.: Comparison Microphotography and Virtual Microscopy
As seen in table 2.1 the advantages of Virtual Microscopy are obvious and there-
fore the current standard in telepathology. Virtual Microscopy is not a synonym
for telepathology or digital pathology since it describes only the modality of which
images are acquired or presented.
5
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2. Background
2.4. Whole Slide Imaging
Whole Slide Imaging (WSI) covers two main areas, the creation (caption) and view-
ing of high quality digital slides [Weinstein et al., 2009] containing tissue samples.
These slides are typically captured by a high resolution scanning process [Webster
& Dunstan 2014] on a slide scanner. To view the acquired images a specialized
viewer software is necessary. The term WSI is not equal to telepathology or digi-
tal pathology, since it is neither covering the context of patients nor their diseases.
WSI also does not incorporate the topic of automation but in order to provide an
efficient resource management this topic cannot be untreated. Vendors came up
with the solution of automated WSI, which allows to process several slides in one
batch. The processed slides then have to be managed by an image management
software in order to be accessible.
2.4.1. Technical aspects
There is a multitude of techniques for acquiring images with a slide scanner. The
amount of data produced by this technique varies by the means of the given pa-
rameters like magnification or utilized compression. The file size of images can be
characterized as large, it can range from gigabytes up to terabytes of data depend-
ing the size of the tissue, compression rate and used algorithms. A typical example
would be the capturing of a tissue with the size of 20mm x 15mm with a resolution
of 40X. As a result the image is 80,000 x 60,000 pixels or 4,8Gp. Adding a stan-
dard 24-bit color depth results in a file size of 15GB [DICOM Standards Committee,
Working Group 26 2010]. This case considers only one plane of focus (Z-plane)
but in practice it becomes more and more relevant to have multiple z-stacks which
rapidly increases scan time and storage space up to several terabytes. Scan times
per Z-plane are vendor dependent but generally around 30 seconds per plane. To
achieve this minimal amount of time and to handle the large amounts of data differ-
ent procedural approaches are used, e.g.:
• Tiling
• Line Scanning
For tiling the slide itself is split into several small tiles of the requested magnification
(e.g. 20X / 40X). Concurrent or afterwards the tiles are stitched together to be able
to deliver the whole image in the appropriate resolution. A problem is the focus
region that is needed to deliver sharp images, here one of two focus strategies is
utilized either focusing the camera every tile or every nth tile, which is speeding up
the process by impairing quality.
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In contrast Line Scanning divides the picture into small strips and the camera is
going aligned to these strip taking pictures. The favored focusing strategy is a
focus map where fixed points on the slide are distributed. The microscope is then
focusing only on these areas. This technique is faster but also more error-prone
due to variability on the slide induced by tissue treatment.
As described before to access these images a special viewing software is needed
which is able to dynamically navigate on the virtual slide. In addition to the context
of the DICOM Supplement 145 the committee presented a way how access this
kind of image data can be realised which is widely practised by many vendors
already.
Figure 2.1.: Whole-slide Image as a "Pyramid" of Image Data following [DICOM
Standards Committee, Working Group 26 2010]
As shown in figure 2.1, the viewer only receives the specific region of interest in
full resolution. Depending on the zoom level, thumbnails are created to save band-
width. The base image (at highest resolution) is split into smaller tiles. Known
impairments of this approach are illustrated as blotted stitching of the tiles, which
result in a picture with cognizable borders of the stitching process.
2.4.2. Manufacturers
The selection of manufacturers is broad and rapidly growing nowadays. All scanner
manufacturers offer different specifications for their scanners, ranging from rela-
tively cheap scanners with less capacity to scanners that can process up to 400
slides in one batch. Therefore an extensive evaluation of the needs for a specific
7
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institution is necessary. According to [Rojo et al., 2006] these are the main com-







Vendors are using proprietary file formats, that an exchange between the systems
is often not possible.
Open source projects like Open Slide5 are trying to overcome these limitations by
providing vendor neutral libraries to access WSI files. Additionally Integrating the
Healthcare Enterprise Committee (IHE)6 is working on a unified (DICOM based)
exchange standard which is described in 2.4.4. The advances in this field are com-
prehensibly necessary to spread acceptance and usability of WSI in daily clinical
practice since the heterogeneity between hospitals systems is high.
2.4.3. Software
After acquiring the digital images from the slides further processing is necessary to
enable access and tracking of the images. Since vendors are not using the same
formats, every vendor has its own image management and viewing software. The
requirements to this software reach from a secure access through user manage-
ment and encryption on the management side on to a fast navigation and easy to
use functions in the viewer software such as zooming, scrolling, annotating, rotating
and image data export. There may be other specific features which are differing by
vendor. The software is often bundled and shipped together with the hardware.
2.4.4. Standardization
Since the choice of WSI suppliers is very versatile a standardization becomes nec-
essary in order to enable inter institutional collaborations. Also the integration in
hospitals existing Picture Archiving System (PACS) is important as it already ex-
ists in the clinical environment. To address this topic there are several institutions
5see http://openslide.org/, accessed on 19.10.2014
6see http://www.ihe.net/, accessed on 19.10.2014
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that aggregate involved interests. For example the Digital Imaging and Communi-
cations in Medicine (DICOM) committee is giving recommendations for the image
transfer within hospitals in their supplement 145 [DICOM Standards Committee,
Working Group 26 2010]. Since 2005 there is the integrating the healthcare enter-
prise (IHE) with the initiative for anatomic pathology (AP) as sub-group of the IHE.
The initiative is trying to establish an integration profile for unifying AP and WSI.
Differing from the DICOM standards the IHE is giving specific instructions for an
implementation and utilizes groundwork done by the supplement 145 [Daniel et al.,
2011]. If the integration profile is implemented correctly, a communication with the
hospital internal communication protocol of the Health Level 7 (HL7) standard is
guaranteed. However, agreements in various points for example image compres-
sion to JPEG2000 already had impact and will continue to raise acceptance of DP
[Zwönitzer et al., 2007] due to vendor neutrality. All these efforts strive towards one
standardized solution for all digital pathology workflows and to reduce uncontrolled
growth of vendor dependant, non interoperable formats. Despite the DICOM exten-
sion and the IHE integration profile not a huge progress can be reported in terms
of vendor neutrality yet. To this day vendor neutrality are utopia and the concepts
of implementing the technology is rather poorly conceived.
2.5. Telepathology
This term is best described in this short citation: "Telepathology is the practice of
pathology over a long distance" [Weinstein et al., 1987] but it is not defined what a
long distance is. Nowadays this would typically mean around the world since the
internet as a medium is ubiquitous. Typically pathological images are transmitted
electronically for the purpose of finding an interpretation or diagnose but also for
educational purpose. Potential use-cases for telepathology can be:
• Routine consultation
• Intraoperative section analysis
• Second Opinion for difficult cases
In all of the mentioned use-cases the patient’s full clinical picture is needed in order
to provide a diagnosis. Telepathology itself can then be classified in four different
kinds
9
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1. Static Telepathology
Single images are transmitted via Internet or E-Mail
2. Dynamic Telepathology
Remote Control of the Microscope
3. Semi-static Telepathology
Static Telepathology combined with a consultation (e.g. via phone)
4. Virtual Microscopy
see chapter 2.3
Nowadays the most promising approach for telepathology is Virtual Micrscopy since
it offers an on demand, dynamic and almost lossless transmission of the image
material. The downside of this technique is the high consumption of digital storage
capacity and necessary bandwidth, which is explained in more detail in chapter
2.4.1.
2.5.1. Digital Pathology
The term digital pathology (DP) evolved over the years and is now used equivalent
to the term of telepathology. It involves the patient’s context and the specimen to
produce a diagnosis. Based on this diagnosis the patient will receive a treatment.
In the following the term DP will be used.
2.5.2. Differentiation Virtual Microscopy and Digital Pathology
At first glance the terms seem to cover approximately the same contents. But
the difference becomes more obvious if you put focus on the Pathology in Digital
Pathology. As described in 2.1, pathology deals with the illness and consequently
also the morphological changes in an organism. To find a diagnose to any kind of
the mentioned changes it is necessary to consult the patient’s clinical background,
which makes DP an expansive approach.
2.5.3. Potential benefits of Digital Pathology
To justify the investment into a DP system the possible benefits have to be anal-
ysed. In prior validation studies non inferiority of WSI compared to conventional
light microscopy has been proven without significant discrepancies [Bauer et al.,
2013]. But what are more benefits of DP? According to [Evans et al., 2014] the
evaluation of the same can be split up into two main suitors:
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1. The pathologist
• Reduced travelling times
• Access to diagnostic tools
• Improved turnaround times
• Increased collaboration between pathologists
2. The health care institution and the patient
• Reduced amount of lost / broken slides
• Reduced cost for pathologist travels
• Improved access to diagnostic materials
• Service quality is improved
The mentioned potential benefits seem to be obvious and overwhelming when ful-
filled, but having a closer look reveals its shortcomings, e.g. improved turnaround
times for a pathologist cannot be realized without special training and / or high per-
formance pathologist workstations.
Another downside not mentioned by this listing is the additional time that is nec-
essary to prepare a digitalized version of a slide. In order to maximize the benefit
of DP the workflow has to be adapted in the LIS, which is tied together with a lot
of effort and cost. Additionally the storage question has to be considered when
implementing DP [Stathonikos et al., 2013].
In order to maximize the benefit of DP a close assessment of the pathologists
workflow is necessary to secure an efficient implementation of DP [Ho et al., 2013].
Therefore methods of the user requirements engineering are suited in this scenario,
such as contextual inquiry, workflow modelling methods and the application of HCI
guidelines for an efficient implementation.
2.5.4. Comparison Digital Pathology to Radiology
The similarity in requirements and used environment in WSI suggests a certain
analogy to the field of radiology. In radiology all these technical challenges have
been overcome, yet they differentiate greatly when taking a closer look.
Regarding 2.2 teleradiologie’s standards are already established since several years
in the clinical environment, so naturally there are less problems integrating. Also
the file sizes are incomparably different. So far standards were missing and DP
could not be integrated in existing environments easily. Developers had to ’reinvent
11
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Teleradiology Telepathology
• Picture already digitalized
• Transmission of original data
• No quality loss
• Digital standards established
• Cost savings in comparison to
analog imaging
• File-size: MB scope
• Digitalizing through scanning
• Transmission of reduced data
(sections)
• Quality loss inevitable through
big file size
• Standards not yet fully estab-
lished
• Additional cost compared to ana-
log imaging
• File-size: GB / TB scope
Table 2.2.: Comparison Teleradiology and Digital Pathology
the wheel’ every time they wanted to integrate a new component as described by
[Singh et al., 2011]. The latest efforts by the IHE as described in chapter 2.4.4 will
ease up these processes leading towards a new and fully integrated era aiding DP
to the break through.
2.5.5. Quality Assurance in pathology
When it comes to clinical application quality assurance is always a very important
topic to deal with since it was mandated by the College of American Pathologists
(CAP). Studies without the use of WSI have shown that Inter institutional error rates
were at 6,7% [Raab et al., 2005], so a harm for patients cannot be excluded when
not using WSI for diagnosis. The evaluated cases were revised randomly a second
time after a wash out phase to fortify the result. [Ho et al., 2006] compares the
performance of WSI against conventional microscopy and came to the conclusion
that it is a promising modality for practising surgical pathology.
According to the Nordic immunohistochemical Quality Control7 (Nordic QC) an in-
dependent scientific organization, promoting the quality of immunohistochemistry
and assessing tissue stains, the main issue is related to the immunohistochemi-
cal staining. This procedure of quality assurance could also be an archetype for
implementation in Chile.
7see http://www.nordiqc.org/, accessed on 06.10.2014
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[Pantanowitz et al., 2013] are trying to establish a guideline for slide validation ap-
proved from the College of American Pathologists8 (CAP) when using WSI. Stated
within the guidelines there are several recommendation and expert consents:
• Institution independent validation studies
• Specimen preparation used in the studies should be relevantly involved
• The tested environment should be close to the practical application
• The process should involve all components of the WSI system
• Revalidation needed after significant changes to the system
• ...
CAP together with the American Society of Clinical Oncology9 (ASCO) is editing
guidelines in pathology. These recommendations were developed from initially over
700 studies carried out in the field of digital pathology. Collaborating with the U.S.
Food and Drug Administration (FDA) the mentioned institutions are representing an
authority in North America and are seen as role-model for worldwide adaptations.
2.6. Human Computer Interaction
2.6.1. Socio Technical System approach
The term Socio Technical System (STS) first came up around the late 1950’s when
technical system were only used by experts [Boulding 1956]. Over the years the
users of computerized system changed from well trained experts to laypersons.
So the concept for developing applications involving computers changed dramati-
cally. Suddenly a social component was added to the ancient focus on technical
aspects.
As 2.2 suggests the development of new applications for computers has to be sep-
arated into a technical- and a social component. The complete system, because
of interdependencies, can only be optimized when both sub-systems are optimized
concurrently, a so called joint-optimization is necessary to fulfil the systems purpose
sufficiently.
8see http://www.cap.org/, accessed on 06.10.2014
9see http://www.asco.org/, accessed on 06.10.2014
13
An architectural concept for implementing the socio-technical workflow of Digital Pathology in Chile
2. Background
Figure 2.2.: Schema of the STS’s components
2.6.2. Contextual Inquiry
Contextual inquiry (CI) is part of the User-centered design process. Since the ear-
liest HCI development approaches the challenge is to integrate systems designs
into the everyday work [Beyer & Holtzblatt 1998]. In practical use CI is organized
as one on one interaction between system developer and customer (= future user).
Furthermore the process is divided into two sub parts:
1. Participant Observation (PO)
2. Discussion of the observed
The involvement of the user has been critically seen because of logistic and finan-
cial issues [Hughes et al., 1992]. Nevertheless in a project that depends so strongly
on acceptance from interdisciplinary stakeholders and has been proven to lack ac-
ceptance in the past, collaboration is necessary to avoid failure and frustration.
Furthermore it is necessary to involve not only the primary users (pathologists) but
also the secondary or intermediate users (technicians). According to [Sharp et al.,
2007] not all groups mentioned before have to be within the CI but have to be con-
sidered when designing the system.
The PO is a discipline of the applied research to gather mostly qualitative data in
an iterative research process. The biggest benefit arises when conducted in the
beginning of a project together with other methods like interviews or focus groups.
Regarding the research of [Mack & Woodsong 2005] Conducting a PO involves the
following steps:
14
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1. Determine the purpose of the PO
2. Determine the population to be observed
3. Consider accessibility and place of the PO
4. Find possible sites for the PO
5. Find suitable times and anticipate duration
6. Decide which way to be dressed
7. Plan how you will take notes
After conducting the PO the taken notes should be brought in a normalized format
to improve comparability [Mack & Woodsong 2005]. POs can be separated in two
classes10.
Table 2.3.: Comparison covert and overt observations
Often a PO is delivering more qualitative data than quantitative, which makes the
interpretation more defective to biases, such as the observer effect (referring as
Hawthorne-effect11). Another source of bias to POs are the non standardized form
of reports denounced by [Becker 1958].
Since the scale of this project does not aim to be secretly conducted, an overt
observation approach can be used. The participant in this fact gathering process
should be well aware of the purpose of the observation to elaborate the most rel-
evant information closest to the everyday life. The observer effect cannot be ex-
cluded but minimized as there is no direct pressure put on the participants.
10see http://wps.pearsoned.co.uk/ema_uk_he_plummer_sociology_3/40/10342/2647687.cw/
content/, accessed 23.09.2014
11see http://psychology.about.com/od/hindex/g/def_hawthorn.htm, accessed 07.10.2014
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2.7. Modelling
Modelling is the link between theory and practical experience. Process orientation
is also essential in Quality Management Systems (QMS) which are widely spread
in the health care sector [Rojo et al., 2008].However, modelling is always a matter
of perspective, hence many approaches for modelling are co-existing. According
to [Macintosh 1993] processes can be classified into the following levels of process
maturity:
1. initial - setting up for processes
2. repeatable - repeatable processes
3. defined - documented processes standardized throughout an organisation
4. managed - measured and controller processes
5. optimising - continuous process management
According to Macintosh, depending on the classification (level 1-3 need to improve
the knowledge about the processes, while level 4+5 need monitoring and con-
trolling) different modelling techniques are required. Subsequently [Aguilar-Savén
2004] suggests classifying the processes even more fine granular into core- and
supportive processes. The core (or primary) process is initiated from outside the
organisation triggering a chain of activities. Supportive (or secondary) processes,
concentrate on more strategical character, which are providing the preconditions
for core processes to be executed. Since the processes are not yet established
initially the focus should lie on the core processes, which have to be planned.
Especially when it comes to multidisciplinary project like this, a unified language
that every involved profession can understand is needed. For these cases the
Business Process Modelling and Notation (BPMN) has been developed which is
combining the ability to illustrate complex processes with an easy to read semantic.
As mentioned before this approach may fit when viewed out of the perspective of
process orientation. Since this is to a high percentage an IT project, the technical
details can not be neglected. Here the BPMN cannot provide sufficient informa-
tions, so another modelling tool must be used. In this case we decided to utilize an
approach developed in Germany, the 3LGM2. The combination of the two modali-
ties will lead to an all-embracing model.
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2.7.1. Business Process Modelling and Notation
The Business Process Modelling and Notation (BPMN) has been introduced in ver-
sion 1.1 in 200812. Since then it has been consequently improved until it has been
formally published by the ISO 2013 as standard for business process modelling.
The purpose of BPMN is the unified communication model throughout all business
users and stakeholders of a project [Rojo et al., 2008]. Furthermore the BPMN
wants to provide a solution between the gap of process design and process im-
plementation through its connectivity to the XML Business Process Execution Lan-
guage (BPEL) [International Standardisation Organization 2013]. The BPMN fea-
tures a set of elements (objects) to describe visually and textually the steps inside
of a process divided by the involved institutions shown as so called pools. Within
the pools lanes can be established which are used to categorize activities. To illus-
trate the process itself, activities and events are utilized which are connected via
different connector types. For further reference on objects and their usage see the
BPMN poster13.
2.7.2. Three Layer Graph Meta Modell (3LGM2)
The Three Layer Graph Meta Modell (3LGM2)14, based upon the Unified Modeling
Language (UML), aims to display processes at the domain layer and communi-
cation paths between application components and their interdependencies [Winter
et al., 2007]. Basically the 3LGM2 is divided into 3 sub-domains, each with different
tasks:
1. Domain Layer - describes enterprise functions
2. Logical Tool Layer - describes application components
3. Physical Tool Layer - describes hardware components necessary to support
enterprise functions
The domain layer is accommodating the enterprises functions in order to provide
effective services. Additionally object types are defined which are created during
tasks or help to solve these. Typical object types would be a report or a glass
slide. The logical tool layer on the other hand is modelling application components.
There are computer based- and paper based application components. Computer
based application components are components of an information system which
are installed on a specific machine, examples would be a patient management
12see http://www.omg.org/spec/BPMN/index.htm, accessed on 17.09.2014
13see http://www.bpmb.de/images/BPMN2_0_Poster_EN.pdf, accessed on 17.09.2014
14see http://www.3lgm2.de/index.jsp, accessed on 17.09.2014
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system or a digital picture archive. As the name suggests paper based application
components involve the utilization of physical resources. An example for a paper
based application component would be the biopsy form. Finally the logical tool
layer is accommodating physical data processing components, which are defined
as server- or computer systems which are connected within an enterprise wide
network. For communication modelling it is possible to create interlayer relations
for all layers to reveal dependencies. Hereby message types are respected and
if necessary a communication server model has to be considered. However, the
3LGM2 is not able to replace business process modelling due to limited vocabulary
[Thomas Wendt 2006] and should more be seen as a valuable addition to process
modelling.
2.7.3. Introduction to Critical Success Factors
This term, as the name suggests are critical factors within a project that, if not
addressed and fulfilled due to limited resources, will lead to the failure of a project.
[Pinto & Slevin 1987] extracted, after comparison of several approaches of other
researchers, success factors 9 essential factors that can be classified in tactical
and strategic factors:
• Strategic
– Top management support
– Sufficient resource allocation
– Clearly defined goals
– Adequate communication channels
• Tactical
– Competent project manager
– Competent project team members
– Control mechanisms
– Feedback capabilities
– Responsiveness to clients
In a further publication Pinto and Slevin are pointing out that these factors vary in
weight according to the projects life-cycle phase and that the examination did not
take into account a weight to the single factors, but are assuming that these fac-
tors are positively correlating. Over time the concept of project success changed
18
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away from only the customer’s satisfaction over to the satisfaction of all the project’s
stakeholders. At this time project completion without changing to date was the high-
est priority. Another approach named Analytic Hierarchy Process was established
by [Saaty 1990]. First suggested as a decision making approach with its factors ar-
ranged in a hierarchical structure, [Chua, D. K. H. et al., 1999] Suggests a different
approach, classifying in objectives of budget, schedule and quality. Chua relies on-
and acknowledges previous approaches but analyses critically under consideration
of expert opinions.
2.7.4. Key Performance Indicators
Key Performance Indicators (KPI) are defined as special operating figures which are
addressing success, degree of utilisation of a company, its organizational entities or
machines15. To be able to use these operating figures for management purposes,







KPIs have to be comparable in order to illustrate change over time. The target ori-
entation should be set on improvements that can be achieved e.g. the employee
through changes in the process. Continuity secures a permanent record of the
KPIs, which are taken in a regular basis (hour, day, month, ...) to avoid outdated fig-
ures and allow control over the command variable. Furthermore the KPIs should be
reduced on the key indicators to keep clarity and ease up comprehensibility. Finally
the improved circumstances should be kept further in focus to avoid drawbacks.
Based on KPIs graphs can be developed which illustrate the current situation and
outline the gap between the performances. This can motivate employees and gives
a tool for justification in front of stakeholders.
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Figure 2.3.: The performance gap following [Turner 2009]
Shown in figure 2.3 is the actual performance of a project on the basis of the pre-
viously measured indicators. The divergence between the target and reality curve
are representing the performance gap that needs to be adjusted. [Turner 2009]
Suggests comparison to other institutions with similar performance indicators with
benchmarks in order to compare performance between comparable projects and
keep the ability to compete successfully against competitors. A term closely related
to performance indication is the organizational efficiency which can be improved by
changing workflows, the usage of automation and supply chain management. In
order to raise the organizational efficiency the performance indicators have to have
a positive trend.
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But before KPIs can be measured they have to be identified. Figure A.2 shows this
process.
Figure 2.4.: Indicator selection process following [Keeble 2003]
Based on the questions at the top of figure A.2 a pool of possible KPIs is cre-
ated. [Marr 2011] suggests the 75 most common KPIs divided into sub classes
from which afterwards the pool of indicators has to be discussed to select the most
applicable indicators, or new ones can be estimated. Furthermore combined or
related KPIs can be used to visualize trends or ratios more clearly. Then a classifi-
cation is done based on whether or not the activity is related to the core business
functions. Lastly the KPI framework is established, defining the conditions like the
effort or frequency of reporting [Keeble 2003]. Additionally a visualization system
can be developed with methodologies like balanced scorecards, trend analysis,
SWOT-analysis, traffic-light system or ratio systems.
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3.1. Fact gathering
In order to be able to conduct a project of this scale and complexity it was necessary
to tie down a scope first. Initially this project was set out to provide a digitalization
service for organic tissue sent via ways of conventional transport. The area pro-
vided with digitalization should be all Chile. So far no other project like this exists in
South America. Later on the service should be expanded to be able to handle DP,
which makes interfaces to the institution’s laboratory management system (LMS)
necessary to deliver the needed patient related context. The projects participants
were organized in a team specific organisation including a flat hierarchy. The team
itself was organized interdisciplinary, with participants from different areas of study
e.g. biotechnological engineering, medical computer science, medical engineering
and anatomic pathology. Time for conducting the project was limited by the Chilean
government to three years, from which one was needed to acquire the tissue scan-
ner. Exchange between all team members was possible during meetings in a two
week interval due to different involvement of the project participants. For the con-
text of this thesis, the following roadmap has been developed17.
Since DP has been growing for the last 20 years the Job training involved extensive
literature research. To establish a general overview and order the terms creative
techniques like mind maps were used18. DP requires a certain level of present
infrastructure in the facility that wants to incorporate it, to examine this, it was nec-
essary to visit external institutions (hospitals) to investigate working methods on-
site. Additionally a team meeting was scheduled to keep track of the other team








Since the Chilean healthcare system is divided into a private and public sector the
existing preconditions in terms of infrastructure are very diverse. Typically the em-
pathy for new investments is higher in a private environment since new technology
is raising the institution’s reputation. As described in chapter 3.1 the project itself
is aiming to supply the service of digitalization and later the ability to practise DP
for all institutions within Chile. Naturally the area of expertise and area of activity
on which the institutions are present differ, therefore the institutions have been se-
lected to cover a broad variety.
Clinica Las Condes (CLC) is one of the biggest private hospitals in Santiago. The
pathology department employs 8 pathologists, 20 technicians and carries out up to
15.000 biopsies a year. The second institution is Clinica Alemana, also one of the
largest private health care providers of Chile. With up to 13.000 biopsies per year
and up to 7 pathologists working at peak times.
The third institution is the semi-private Hospital Clinico Universidad de Chile, lo-
cated next to the medicine faculty of the university. Finally the Instituto Nacional del
Cancer is a public health care provider specialized on cancer which is located near
the university of Chile. The institute is employing 3 pathologists which are located
on the same site to ease up exchange between them. Additionally 4 technicians
and 2 secretaries are present (+ additional temporary workers). The diversified
selection of institutions is helping to improve robustness of planning when imple-
menting the project.
3.2.2. Meta-process
Approaching the project a meta process has been established, which then was re-
peated, with exception of the requirement analysis questionnaire, in all of the cov-
ered institutions mentioned in chapter 3.2.1. This should secure the reproducibil-
ity and prevent dependencies which are only occurring in one specific institution.
This chapter will give a brief overview about the methodologies utilized during the
project, which will then be exemplary described together with practical experiences
in an example institution later on.
Figure 3.1 shows the first three steps of the process. In all of these steps future
users have been consulted in different quantities. The requirement analysis ques-
tionnaire due to its characteristics to only build up the foundation of requirements,
was only conducted within the Clinica Alemana documented in chapter 3.2.3. The
23
An architectural concept for implementing the socio-technical workflow of Digital Pathology in Chile
3. Methodology and implementation
Figure 3.1.: Meta process of requirement analysis, part I
contextual inquiry (QI) was performed before the participant observation to roughly
identify the institutions scale as well as used techniques, an example can be found
in chapter 3.2.4. Afterwards the core of the requirement analysis was performed:
the PO. Acting as a shadow and following the participant throughout his work day,
this process was the main source of information. For an example case study please
see chapter 3.2.5.
Figure 3.2.: Meta process of requirement analysis, part II
The second part as seen in figure 3.2 is consisting of four further parts. In contrast
to the first part, this part involves the user less strong and has an emphasis on
modeling processes of technical systems (see chapters 3.3.1 and 3.3.2). After
the modeling process which was based on the results of the previously collected
data a second questionnaire was distributed to validate the model and reveal its
shortcomings in terms of functionality. After revising adjustments revealed by the
evaluation were applied to the model. Finally, to ease up project management, the
critical success factors (CSFs) as well as key performance indicators (KPIs) were
identified to derive implementation possibilities (chapter 4.2) and, given the right
maturity of processes, their efficiency (chapters 4.5 and 4.4).
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3.2.3. Requirement analysis questionnaire
The requirement analysis questionnaire19 was intended to elaborate basic perfor-
mance informations about pathology laboratories in Chile and the general attitude
towards DP. The questions should be simple and easy, combined questions where
doubled negotiation should be avoided. Furthermore ambiguity, suggestive ques-
tions and strong generalizations were avoided, too. Sources of error can be the
Error of central tendency, social credibility and social expectancy. Aware of the
problems mentioned a combination of the different question types has been cre-
ated. The questionnaire can be split up in three parts:
1. Particular questions (about institutional performance)
2. General questions (about DP)
3. Free text questions
1. Is designed to elaborate general information about the workload of the pathol-
ogist. Questions contain informations about quantity like the amount of cases re-
viewed on one day and how long the pathologist spends time on one slide. In
literature the time saving possibilities often played an important role, so it was ques-
tioned in the beginning.
2. Is scaled with the Likert-type scale with three expressions to quantitatively mea-
sure the attitude towards DP and additions that are coming with it. Questions are
defined as items and are evaluated on outcome. When the answers are agreeing
on a higher rate than 80% a ceiling20- or floor effect21 occurred.
3. Free text questions are representing the creative part of the questionnaire. The
goal is to elicit aspects that have not been thought of before. In total there were 14
questions to answer on this questionnaire.
Exemplified on Clinica Alemana, this questionnaire has been filled out by 4 pathol-
ogists to elaborate the preconditions as they are perceived by the pathologist.
The overall impression is, that the pathologists in Chile, despite the fact that they did
not grow up as digital natives22, are relatively open towards new technology which
is making use of the internet. Consequently participants are willing to participate
in a study when the groundwork is done. Surprisingly the amount of time travelled
according to the opinion of the pathologists can be reduced, which will later be
19see A.5
20see http://link.springer.com/chapter/10.1007%2F978-3-211-89836-9_170, accessed on
06.10.2014
21see http://www.springerreference.com/docs/html/chapterdbid/334262.html, accessed on
06.10.2014
22Persons who grew up with digital technology from an early age, see http://jpalfrey.andover.edu/
2007/10/28/born-digital/, accessed on 25.09.2014
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Table 3.1.: Results of requirement analysis questionnaire
proven not to be first priority since most of the participants are working on only one
pathological site. A second benefit of this questionnaire was the first orientation
on how many slides a pathologist is viewing per day and for how long. This is
a first indicator for what can be provided with this project and what benefit can be
achieved given the extra processing time. Interestingly the Clinica Alemana already
implemented some kind of LIS to their workflow as they use barcodes to track
specimens throughout the procedure. This makes it easier and more efficient for the
pathologist to gain further information on the patients context, since they just scan
the barcode and the hospital information system (HIS) which is connected to the
LIS will return patient context information like personal information, prior diseases
and diagnosis. One measurement index of the efficiency for pathology labs is the
amount of slides requested per case which in this case is 2.4 slides per case. Even
though the amount of slides needed to solve a case is highly dependent on the
kind of biopsy this indicator can be utilized to measure a laboratory’s performance.
Most of the time only one screen was available and the desktop computers were
older single core CPU’S. Field tests with the digital image library of the Tissue
Imaging and Analysis Center (TIGA23) have shown that the bandwidth is sufficient
to access the high quality images with reasonable performance. In practice the
latency is supposed to be smaller since the image server will be located in Chile.
3.2.4. Contextual inquiry
Within the contextual inquiry modality an interview is conducted which is about 1
hour in length. Location for this is the user’s work place where the researcher ob-
serves the actions and discusses them with the user to clarify project importance
and relevance. Important is the partnership between user and researcher so that
23see http://tigacenter.bioquant.uni-heidelberg.de/, accessed on 26.09.2014
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the CI alternates between observing the users work and the discussion why he did
what action. The goal is to exchange impressions to enable comprehension for
the context of actions for the researcher. This also involves complementation of
records written down earlier by the researcher during the process. Another advan-
tage of this approach is that the researcher can exactly set the focus of observation
and discussion, this reduces overhead on non-usable information which has to be
discarded afterwards. Due to the fact that CI mostly acquires qualitative data, sta-
tistical inference is limited.
The example institution covered here is located closest to the slide scanner and the
image storage solutions, the Hospital Clinico Universidad de Chile. This institution
provides health care on a semi-private level. In general it can be said that the
amount of paper based work is increased compared to other institutions mentioned
before. In practice there are also minor discrepancies for example the labels for
slides and the paraffin blocks are written by hand and are not registered in any kind
of tracking system. This increases the time per case since additional information
has to be searched manually. Throughput itself is decreased since everything has
to be written by hand. An additional impairment is that to get further information
about a patient the responsible clinician has to be called. The followed pathologist24
was expert in nephrology had an average estimated workload of viewing 60 slides
per day. The approximate amount of slides per case is 5, doubled to the Clinica
Alemana. This was the first pathologist to cover more than one pathological site, in
fact 4 sites are covered including the one on which the CI took place. Surprisingly all
the sites were within a radius of 5 km so that long travel times were, if not inducted
due to the traffic, no issue. Archiving, a point that has potential being improved with
DP is a huge issue in all institutions.
Figure 3.3.: Pathological archive of Hospital Clinico Universidad de Chile
24Dr. Paula C. Segura Hidalgo (psegura@hcuch.cl)
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Figure 3.3 shows the organization within the institution. According to the Chilean
law it is necessary to store the paraffin block holding the tissue as well as the
glass slide for at least 10 years. In practice the samples are kept forever which is
consuming a lot of space within the institution. In the concluding discussion after
the PO Mrs. Hidalgo mentions the lack of possibilities for efficient second opinions,
many slides are broken on transport and the amount of time needed to get a second
opinion is very high. Also the amount of paperwork is considerably higher than in
other institutions of same or larger scale.
3.2.5. Participant Observation
As described in chapter 2.6.2 the PO is a tool for the explorative discovery of users’
needs and expectations towards a newly introduced system. The future users of
this project have been assigned to a group:
1. primary users - the pathologist
2. secondary users - the technician
Correspondent to this classification the PO’s have been conducted, focusing on
the primary group, but also with one case to consider the secondary users. The
observations have been conducted within an equal scope between all institutions.
Participants were asked to undergo a typical work day. This includes everything
even if it is not directly involved within the projects scope, for example researching
in books to find a diagnosis. Two case studies will be described in more detail one
covering the pathologist as primary user and one study dealing with the secondary
users, the technicians.
The PO itself was conducted overt, so that the participants knew that they were
under observation.
A brief introduction was made on how the PO works, to avoid interruptions during
the observation itself. Critics of this method often mentions the observer effect
which is the effect of altering behaviors when under observation.
1. Case study - the pathologist at CLC
Observed was a typical day of a pathologist which had his specialist field in lymph
nodes25.
As seen in figure 3.4 the workspace itself was equipped with a single core computer
as well as an Olympus bright field stereoscopic microscope with an 8 mega pixel
digital camera mounted on top. The microscope’s camera is connected to a mem-
ory card system to save pictures. Displays are two 19 inch flat screens (Samsung
25Dr. Pablo Matamala Bastian (pmatamala@clc.cl)
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Figure 3.4.: Pathologists workspace at Clinica Las Condes
& HP). The internet is accessed via a wired 100 MB Ethernet connection. These
informations have later been used to establish the 3LGM2. During the observation
a time scaled observation log was filled out to keep track of the actions and their
duration 26.
Figure 3.5.: Extract from the observation log
The extract shows a prostate biopsy case where it had to be decided whether the
patient has cancer or not. Noticeable during the procedure was the very quick and
very distinctive handling with the microscope. In less than 3 minutes a first opinion
was found which then had to be assured with further material which was ordered
electronically via the HIS. Additionally a second opinion has to be gathered by a
colleague, which was sitting next to the pathologist, so the exchange and response
rate of the case was quick. Furthermore annotations were necessary on the slides,
26see A.6
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which were done by hand using a ruler and pen.
2. Case study - the technician at Instituto Nacional del Cancer
The technician also plays an important role in the workflow of establishing a diag-
nose for a patient. After the gross examination, he has the task to prepare glass
slides for the pathologist to examine. This is process which requires a high level
of fine tuning regarding staining and processing. Steps during the preparation pro-
cess are: the dehydration and clearing of the tissue which is then embedded in
a paraffin mold. Afterwards the tissue is cut, mounted upon a glass slide and pro-
cessed within an automated but not error free staining process. After this procedure
the slide can be presented to the pathologist. Given the high amount of preparation
time which is necessary to arrange a probe, DP would add another step onto it: the
digitalization which has to be done for some or all slides within a case.
To get insights into the preparation process the same principle as utilized with the
pathologist was applied. The PO with the technician27 took place on site.
Figure 3.6.: Slide preparation of Instituto Nacional del Cancer
Explanation with numbers according to figure 3.6: [1] When the tissue is first
brought to the laboratory a new entry within the registration book is put, containing
identification number of the biopsy, name, billing number, date, responsible pathol-
ogist and a signature. All of this is done by hand, since there is no LMS. [2] The
samples are stored together with the according paper request for the gross ex-
amination. [3] The sample is then mounted on the cutting device to remove fine
sections of the tissue for putting on a glass slide. [4] For frozen sections the pro-
cess of preparation has to be speed up from 24 hours to 20 minutes, therefore the
27Pedro Escandon (pedro.escandon@gmail.com)
30
An architectural concept for implementing the socio-technical workflow of Digital Pathology in Chile
3.3. Modelling
dehydration and preservation process is skipped. Cutting the sample is done at -24
degrees Celsius to avoid denaturation. [5] This is the autostainer which gives the
characteristic colour to the slide. Slight variations can cause a variation in diagno-
sis, therefore a good quality assurance is necessary.
3.3. Modelling
3.3.1. BPMN
All the previous work (the CI, consisting of the questionnaire, PO and discussion)
was done to elaborate a general idea of the pathological workflow in Chile. Based
on this a future workflow model, integrating the digital acquisition and distribution
of the slides, could be established. Since this was an interdisciplinary approach,
a modelling notation was required that can be understood by all participants yet
holds enough information to be of use. The Business Process Modelling and No-
tation was used in version 2.0.1 which was declared as standard 19510:2013 in
2013 by the International Standardisation Organization (ISO). Additionally it offers
the possibility to close the gap between the modelling language and the machine
readable generation of code using an XML based exchange format, this is done
via the Business Process Execution Language (BPEL), helpful for computer based
simulations. Since the whole process28 is rather complex the process will be split
up into smaller parts for the sake of clarity.
The involved actors, represented as pools, are:
• The health care provider
• The Scientific Image Analysis Laboratory (SCIAN)
• The external transport company
All mentioned parties are collaborating during the process and were therefore mod-
elled as Pools. In this case the modelled process does not consider these pools
as black box and describes activities within them. Lanes are used to distinguish
between certain organisational units within a big institution. However for the sake
of clarity some processes have been left out or modelled as sub-processes.
3.7 shows the hospitals process of handling pathological requests during routine
sections. Before a digitization can be performed several steps have to be com-
pleted. The process starts with the clinician that orders a pathological examination
28see A.3
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Figure 3.7.: BPM extract from the hospital’s processing
from tissue that has been taken from a patient in a biopsy. The pathological lab-
oratory receives the specimen, registering the case details in their system which
are specified as a sub-process ’prepare case’. Afterwards the pathologist conducts
the macroscopic (= gross) examination on the specimen. Before a digitization can
be considered the glass slide has to be prepared explained in the sub-process of
’prepare glass slide’.
Figure 3.8.: BPM sub-process - prepare glass slide
This process is modelled as described in pictures on figure 3.6 and consists of the
following processes: dehydration, clearing, embedding, sectioning, mounting and
staining which can again be modelled as a sub-process.
Following back on the main process illustrated in figure 3.7 the next step in the
process is a gateway which is requiring a decision whether a digitalization is neces-
sary or not. Given the extra cost it would be possible the institution is agreeing on a
policy which cases are needed digitally, for example only hard cases or cases that
can be used for educational purposes. In case the digitalization is not necessary
the case continues to the classic microscopic examination conducted by the pathol-
ogist. The process has its unspecified end event here, because this model is not
focussing on the classic approach on pathology but. Following the other pathway at
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the gateway a new case has to be created via the CPDAI on-line platform29. This
platform is taking in the scanning parameters as well as eventual requested image
processing. Furthermore the billing is made via the users account. After that, the
slide has to be prepared for sending.
Figure 3.9.: BPM sub-process - prepare slide for sending
Figure 3.9 shows the sub-process embedded to the preparing process. First the
slide label (QR-code30) which is provided by the SCIAN Lab has to be printed out
to be able to establish the connection between the internal hospital tracking system
and the SCIAN-Lab internal slide tracking management. For sending slides two
modalities are existing, supporting varying case sizes: [1] Transport box - can hold
up to 10 slides from one case, in case the case has more than 10 slides a [2]
Transfer box is used which can hold multiple transport boxes. Once a case is
completely transacted the label is put on and the box(es) are stored until the daily
transport to the SCIAN Lab is carried out.
Figure 3.10.: BPM transport company
Based on a timed event which is triggered once a day at a specified hour, the carrier
company is collecting the transfer- and transport boxes and delivering them from
the remote institution to the SCIAN Laboratory. For scalability reasons this process
could be extended for trawling several institutions for a higher efficiency.
When the slide is received at the department for digitization a revision is done in
order to ensure the boxes have arrived without broken slides. Missing or mistakable
29see http://cpdai2.medicoresponde.biz/invitado/, developed by Mattoli Ingeneria, Parque Riesco
3407, Santiago - Chile
30Quick response code, see http://qrcode.wilkohartz.de/, accessed on 28.10.2014
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Figure 3.11.: BPM digitization within SCIAN Laboratory (1)
labelled slides will be identified in the next step with the aid of the CPDAI request
platform to increase fail safety. The case informations are entered in the slide man-
agement software manually before the actual digitization is happening as showed
in figure 3.12.
Figure 3.12.: BPM sub-process - configuration and digitization
After the manual configuration of the slide scanner and server the batch, which for
this machine can hold a maximum of 300 slides, is processed. Once it is finished
and no more slides for case are existing a log file for traceability is created and the
digital slide is stored on the slide server in the NDPI31-Image format. Referring to
3.11 once the sub process is completed a quality check is performed to check for
out-of focus regions or other shortcomings. In case the quality is not consistent,
the sub-process 3.12 this case is triggered again. If a quantification of a slide is
requested another sub-process is triggered. Where the image is manually loaded
and the parameters are adjusted according to the request. Afterwards the quan-
tification is executed on the server and a report together with the original image is
being made available to the customer.
When either the image processing is finished or no quantifications have been or-
dered the next gateway is passed asking if a backup of the files is requested or not.
If yes an intermediate event is fired to the datacenter of the SCIAN Lab. Here the
process is archived for a preselected amount of time. If no such thing as a backup
is requested by the customer, the case with all its components is brought back into
the boxes from before and checked out of the internal slide management which
ideally is connected to the CPDAI request platform. Afterwards two simultaneous
31Proprietary file format of Hamamatsu Nanozoomer micorscopes
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Figure 3.13.: BPM digitization within SCIAN Laboratory (2)
paths are being processed. One sending the slide back to the originating institu-
tion, the other one is publishing the digital slide to be able to access it from remote
places via the internet and finally giving a notification to the person that requested
the digitization.
Figure 3.14.: BPM digital slide review process within the institution
After reviewing the results of the digitization by a pathologist and if necessary, one
of the large benefits of DP comes into play: the second opinion, providing a solution
for difficult cases in terms of flexibility. The digitalized images can be shared inter
institutional with other pathologists, offering the possibility for improving the patient
care and decreasing inter observer discrepancies just by sending a link to a specific
slide. After the decision whether or not a second opinion is necessary in the ac-
cording case a report is written or dictated, depending the institution. After signing
out the case it is sent to the clinician which then decides the further treatment of
the patient.
The illustrated process displays the standard case of digitizing glass slides into dig-
ital slides which are then accessible from remote locations, given the right permis-
sions have been set. Storage is expensive and as described before (see chapter
2.4.1) digital slides are producing gigabyte often terabyte of data for one case only.
Therefore another business process is dealing with the storage of the digital slides.
No matter for which storage-type (long- or short term) the slide has been ordered,
a specific storage duration has to be selected. After reaching the specified stor-
age time limit for a case the owner of the slides is asked if he wants to renew the
subscription for the access to his digital slides or they will be deleted within certain
period of time. This procedure guarantees that no files are being deleted without
35
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notification.
The SCIAN Lab does not only want to offer these services to external institutions
but also use it for research purposes. In this case the digitization process is al-
tered since no patient information will be needed to keep track off. Additionally
the originating institution is the same than the one offering the service so that the
transportation layer is omitted.
3.3.2. 3LGM2
While the business process now has been elaborated to a reasonable extent, the
technical aspect on how to implement this within the SCIAN Lab and the accord-
ing institution has not been covered. To overcome this challenge a 3LGM2 has
been created to propose a solution. Given the background knowledge from chapter
2.7.2 the 3LGM2 should be seen as an addition to the traditional process modelling
conducted in the previous chapter.
Figure 3.15.: 3LGM-Model, domain layer
Figure 3.15 shows the domain layer which holds the enterprise functions which can
be described as the tasks of the pathologist in his daily work. In addition to the
functions so called object types are defined. To be congruent to the business pro-
cess orders of the different objects can be placed. Here are the shortcomings of the
modelling capabilities of the 3LGM2 in terms of business processes are revealed
for not having gateways or decisions in general. The three main tasks what the
pathologist has to do are:
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• Attending Tumor Boards
The diagnosing of biopsies consists of steps shown in figures 3.7, 3.9, 3.11, 3.13
and ??. For teaching slides have to be retrieved from an (presently from an analog,
as seen in figure 3.3) case archive. The introduction of DP in the institution will
change this process significantly since there is no need to go to the archive and re-
trieve a case by hand, everything can be accessed and retrieved by the pathologist
directly from the workstation. Afterwards and with the right tools an educational ap-
plication, involving dynamic image material can be created. Optionally the images
which are used can be quantified by an algorithm to be able to create exercises that
can be evaluated more easily. Tumor Boards display the last application where DP
can increase quality and efficiency: before presentations containing screen-shots
had to be created to provide other fellow clinicians with material that can be viewed
by many people simultaneously, alternatively the use of a multi-headed microscope
was considered, limiting the number of participants. Additionally quantification of
images can provide comprehensible explanations for certain hard to decide cases.
To conduct all this steps as in every profession, tools are used to increase effi-
ciency.
Figure 3.16.: 3LGM-Model, logical tool layer
The figure 3.16 above shows the logical tool layer. This layer accommodates
computer- and paper-based application components (orange and light blue). The
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software applications can be supported by a persistent storage solution like a database.
Simultaneously computer based applications can host interfaces for communication
to other components (represented through green dots). Naturally and because of
regulatory requirements in medicine many processes are paper based which is rep-
resented through light blue colour.
This layer is separated into two sub parts: [1] in the bottom left corner, which is
representing the institutions internal software landscape. The HIS is the connect-
ing hub for the LIS and the Patient Management System (PMS). Additionally the
HIS is providing the interface to the Picture Archiving System (PACS). Furthermore
the paper-based biopsy log is needed to keep the overview about the conducted
biopsies and the request form provides the possibility for the pathologist to order
additional staining or special treatments [2] located on the top, which contains the
necessary software to save and process the generated images. Given the pre-
conditions of the Hamamatsu Nanozoomer XR NDP software is required to pro-
duce and handle digital slides supplemented by the CPDAI platform which enables
pathologists or technicians to order digitizations.
Figure 3.17.: 3LGM-Model, physical tool layer
Figure 3.17 represents the physical tool layer. Here the same differentiation into
sub systems has been considered. As before [1] stands for the health provider in-
stitution environment, displayed simplified as Hospital Information Server and client
PCs, which have access on a barcode reader and printer. Additionally tablet com-
puters connected via the internet are introduced. The SCIAN Labs system [2] con-
sists of the Hamamatsu scanner as well as an NDP server to store the images on.
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The scanner itself is equipped with a fluorescence module to be able to process
immunofluorescent slides. For image processing an additional high performance
server is provided. The two systems are connected via the internet and proper
authentication systems are guaranteeing data security. Ideally the NDP server is
backed up in regular intervals to secure data integrity and minimize the risk of data
loss.
The benefit the 3LGM2 is offering lies within the connection between the different
layers. As seen in A.4 each object is connected to an underlying object. An object
type refers to a tool which is used to acquire it. The tool which was utilized is on his
part connected to a hardware component on which it is running in order to provide
sufficient functionality to solve the tasks on the domain layer.
3.4. Evaluation
The evaluation is structured into two parts: a questionnaire and respectively the
evaluation of it. The evaluation questionnaire32 has been conducted after evaluat-
ing the first questionnaire, the CI and the process of modelling has been finished.
The extent of items is significantly higher than in the requirement analysis question-
naire (now 25 questions) and consists of different types of questions.
Figure 3.18.: Question types overview
[1] shows a free-text question. There are two types of free-text questions, the here
displayed one line question and the essay question, typically used when a longer
response is expected. [2] displays a multiple choice answer typically utilized when
the expected answer has more than one occurrence. Special form is the multiple
choice with the ’other...’ possibility where the participant can insert his or her ideas
that are not mentioned. Another special variation used is the single choice answer
32see A.7
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with the respective options yes, no and do not know. This question type is often
used when it is not clear whether or not the pathologist has experience in a certain
field. [3] lastly is the question which are answered with a Likert-type scale33. This
type has been proven of being especially adequate for elaborating attitudes and
trends.
To cover a broader audience this questionnaire was distributed to more people than
the first questionnaire. The questionnaire is consisting of the following categories:
1. Personal information
2. Expectations towards digital pathology
3. Access to second opinions
4. Access to quantitative parameters in images
5. Teaching and education
1. asks for personal information as free text fields, covering questions like the
area of expertise and the experience within. Furthermore the informations like the
amount of slides analysed per day is evaluated to be able to compare to the first
questionnaire. Additionally it was asked how many tumor-boards are attended and
whether or not the term DP is familiar to the participants. Finally the extent to which
the term DP is known is asked within a multiple choice question.
2. covers the expectations. It is a controversial topic if pathologists should be
allowed under certain circumstances to review cases from home. Therefore this
sub-section asks from where the pathologist would like to work and from which
device. Since technical progress enabled access to the internet even from mobile
devices a distinction has to be made which devices and display is ideal for using
with DP. The final question in this section is aiming to reveal the general attitude
towards DP when it comes to ease up the workflow.
3. elaborates how frequent a second opinion is necessary to establish a secure
diagnosis. Before closing this section is asking whether or not it can improve the
diagnostic security and the time needed for it can be decreased. Finally the access
to a worldwide network of pathologists should be judged.
4. Is dealing with the benefit of having access to quantitative parameters enabled
by DP. For a better understanding how the pathologist is working in this field so
far, some methods are being questioned for utilization (DAKO Hercep-Test34, 4B5-
Roche35). Finally the question is raised if pathologists would use algorithms that
33see http://core.ecu.edu/psyc/wuenschk/StatHelp/Likert.htm, accessed on 06.10.2014
34see http://www.dako.com, accessed on 06.10.2014
35see http://www.roche.com/de/products/product-details.htm?type=product&id=169, accessed on
06.10.2014
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are approved by the American Society of Clinical Oncology (ASCO)/ College of
American Pathologists (CAP). Additionally asked is the opinion about the potential
of benefiting diagnostics and quality when having quantitative parameters.
5. Education is a topic containing high potential for DP and many pathologists are
educating students additional to their working pensum. By obtaining concrete num-
bers of how long the pathologist spends to prepare educational material a possible
benefit could be outlined.
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The evaluation questionnaire was distributed to 11 pathologists so far and a further
distribution within the society of pathologists in Chile is triggered, ideally generat-
ing around 100 participants. The questionnaires results should, together with the
other modalities utilized (such as modelling, CI, PO) lead towards a robust solution
concept for implementing DP.
As mentioned before in chapter 3.4 the questionnaire was divided into sub-parts.
The first one asking for personal work-related information and rough productivity
indicators. The pathologists’ area of expertise was manifold, covering everything
from Neuropathology over Renal pathology to Cytopathology. As diversified as the
area of expertise was the experience which the pathologists had, ranging from 4 to
30 years, with an average of the test population having 10,2 years of experience.
Interestingly, and much lower than expected, was the number of different locations
where the pathologists practise medicine, ranging from 1-3 locations with a clear
accumulation on only one location. This bias might be inflicted due to the fact that
two institutions covered were private organisations so employees are less likely to
have several work places due to good salary.
The amount of diagnosed cases per day were estimated to be approximately 20-30,
depending the position of the pathologist within the organisation. The number of
slides viewed per day is also underlying the oscillation depending the pathologist’s
position. The minimum was 30, reaching up to 200 slides that are viewed per day
through a conventional bright-field microscope. 55,4 slides was the average taking
into account the minimal readings possible. The following question was not de-
pendant on the hierarchical position within the organizational structures but on the
area of expertise. Therefore the amount of viewed Fluorescent in situ Hybridisation
(FISH) slides were varying revealing an average of 1,63 FISH slides per week and
pathologist. Lastly the question about tumour boards was answered relatively con-
sistent ranging from 1 to a peak of 6 tumour boards. According to the participants
the average pathologist attends 1,9 tumour boards per week.
Summing up the first section of the questionnaire it is to say that the demands vary
strongly dependant on the position (focussed more on management or operational
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functions) a pathologist is representing. This leads up to the second part of the
evaluation covering the expectations of the pathologist about DP. The initial ques-
tion of the term digital pathology sounds familiar was answered with yes by 82% of
the participants.
Figure 4.1.: Evaluation questionnaire: understanding of the term DP
To the question on what DP is for them many participants answered similarly. Con-
tinuously over 80% agreed, that all previously mentioned areas that can be covered
are part of DP. Since there is no such system established in Chile all participants
with one exception (the participant was working in Europe before) have not worked
with a DP system. Interestingly the question from where the pathologists wanted to
view their slide was answered with a high diversity as shown in figure 4.2.
Figure 4.2.: Evaluation questionnaire: possible slide access locations
All participants agreed about viewing slides on the work place. However when it
comes to travels only around half the participants are willing to view slides related
to work. An increase is noticed when it comes to home office: 7 participants have
seen a potential benefit for viewing slides from home.
Figure 4.3.: Evaluation questionnaire: on which devices DP can be useful
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Another important question is the one of devices where DP should be practised
on. Lacking guidelines of image quality everything, including mobile devices as
tablets are possible target devices. Mobile devices, despite the fact that there are
constantly new developments, come in several semi-standardized sizes. Given the
age profile of the participants, most of them were not raised with this kind of tech-
nology, but the survey results show a certain familiarity with this devices. The gen-
eral trend, starting from 100% accordance with utilizing standard 9,7 inch tablets,
states a decline towards the smaller sized devices, culminating in the utilization of
Smartphone devices which are only 4 inch in average display size.
Figure 4.4.: Evaluation questionnaire: application fields of DP
Figure 4.4 shows that the expectancy for applications on a DP system relies heavily
on the benefits outlined earlier, such as second opinion, quantitative analysis, edu-
cation and tumour-boards. Less anticipated are the possibilities to build up a case
archive or respectively do studies with the aid of a DP system. This might be due to
the institutions focus: private institutions are focusing on productivity over research.
The general opinion states that the work comfort can be increased by implementing
a possibility to view slides from a screen. Interestingly only 45% of the participants
have conducted an inter institutional second opinion during the last month. This fact
might be due to the high in-house competency which is held by senior pathologists.
This circumstance makes second opinions unnecessary, just in case there is a very
rare and difficult case, which occurs according to one of the participants approxi-
mately once a month a second opinion is requested. From the 45% that used an
inter institutional second opinion the frequency of occurrence is varying between
1 and 3 times. Though not all participants are utilizing second opinion regularly
all participants think that an easy access to this modality is increasing diagnostic
quality. Furthermore everybody except one single participant is agreeing, that the
time to solve a case where a second opinion is necessary can greatly be reduced
with the introduction of DP. Lastly the access to an international portal to discuss
cases has been estimated highly beneficial from 82% of the respondents.
Summing up the expectations towards DP are generally highly positive in almost
all aspects of the pathologists work. There are tendencies towards more efficiency
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by widening the possibility to view slides from remote places but in the same time
estimation run towards the clue, that a higher diagnostic accuracy can be achieved
when having access to an easy to use second opinion system.
The next part is broaching the issue of quantification in images, since there are
quantitative estimations necessary to evaluate and infer a treatment which, given
a digitalized image, can be useful for concluding a diagnosis. An example for this
procedure is the HER-236 protein expression, where the cells membrane has to be
estimated for connectivity of a certain staining. This level of connectivity is then
mapped on a scoring (0, 1+, 2+, 3+) regarding the level of staining. The problem is
estimating the 2+ cases, where the classification against 1+ or 3+ becomes difficult
due to relative estimations of coverage (score 1+ = 10-30% staining, score 2+ =
30-60% staining, score 3+ = more than 60% staining). Algorithms may help finding
a more exact estimation of percentages, but are not yet approved for clinical use.
The participants were first asked to report on which kinds of tests they utilized dur-
ing their experience. After this the question if quantification can help diagnosis and
deliver some kind of quality assurance for diagnosis was raised. Both questions
were strongly agreed and given the difficulty of a 2+ case estimation assistance is
definitely needed to increase diagnostic quality.
Finally teaching and education opportunities improved by DP are questioned. Fig-
ure 4.5 is revealing that more than half of the pathologists are involved into educa-
tion in any form.
Figure 4.5.: Evaluation questionnaire: education involvement
They accordingly spend between 2 and 5 hours a week to prepare the educational
material. Easing up the process of gathering material or presenting already gath-
ered material within an on-line course would be able to reduce the average time
spent on this activities. Additionally this material could be forwarded to other teach-
ing institutions maybe providing knowledge to remote teaching institutions and rais-
ing overall education quality.
36see http://www.nordiqc.org/Epitopes/HER2/HER2.htm, accessed on 23.10.2014
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In conclusion this questionnaire revealed the fields that the implemented and fin-
ished project should address even further. The classification in several aspects lead
towards an incremental implementation strategy based on the modular features of
a DP system, prioritizing basic functionality (e.g. digitalization and visualization) at
first. Expected acceptance is positive throughout, the participants were informed
and creative about the term of DP. A special focus should be lied onto the portability
of the applications. As the results suggest many pathologists are willing to continue
their work outside of the office, during travels or consider working from their home
offices. This subsequently follows to a perspective that should not be neglected
involving mobile devices, focussing tablets, into the process of practising DP. Bi-
ases as described in chapter 3.2.3 (e.g. social expectancy or central tendency)
cannot be excluded due to the relatively small test population. The questionnaire
also points out that the scoring of HER2 membrane staining is reasonably hard
and image quantification would aid to find a more robust diagnosis. Finally the in-
volvement in education is offering a break through chance of the project providing
easy accessible and embeddable solutions for example for presentations or student
training.
4.2. Solution concept
The concept is defining and providing the key functionality that is needed by the
pathologist in Chile according to his specific environment. Which then can be grad-
ually developed further to tap new fields.
Elaborated by the questionnaires, modelled via the BPMN and 3LGM2 this com-
bination of methods should give a robust blueprint for the further development of
the project. Given the challenges of implementing a system like this, the full range
of functionality that DP can provide is not realistic at first, but with an incremental
project management it can be implemented within reasonable time. To identify the
effectiveness and efficiency, success factors and performance indicators (see chap-
ter 4.4 and 4.5) will be outlined and measured after the implementation. Though
DP offers its benefits, the initial cost for adopting the technique is very high and
many institutions may be afraid of the commitment. Therefore the approach cen-
tralizing the most expensive resource (the slide scanner) and providing worldwide
access to it seems logic. This project will help implement the external system in the
heterogeneous environment of the hospital without too deep of an impact on the
hospitals IT-infrastructure by providing initially non-invasive browser-based on-line
solution.
The suggested implementation can be separated into three stage of expansions
showed in figure 4.6.
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Figure 4.6.: Features of the different expansion stages
All of the mentioned stages have different, yet increasingly higher, technical re-
quirements which but on the same time are increasing the number of features. The
final expansion stage requires the highest level of accountability and failure safety
due to the direct impact on patient data access and decision of treatment.
To be able to distinguish between the different stages a finer classification of the
stages the following the results of the evaluation and modelling have been involved,
resulting in the following points:
• Digitalization of slides,
• Remote visualization,
• Online request platform,
• Second opinion,
• Education and presentation,
• Embedding in clinical environment,
• Quantification of images.
To raise the informative value and ease up understanding a graphical representa-
tion in form of a radar chart has been chosen. Like this key features which have
to be provided following the three stage model cab be identified and its success
factors derived.
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4.2.1. Stage 1: digitalization and remotely accessible digital slides
The first Milestone is providing digitalization that can be accessed later on from re-
mote sites, such as a hospital. This step suggests the very basic implementation
of slide hosting located within the SCIAN Lab. After deployment of the hardware in
place the initial configuration of the machine software has to be set up to provide
functionality. Since there are no multivendor-capabilities initially there is only one
choice: utilizing the software shipped with the tissue scanner. Hamamatsu is ship-
ping their software packages called NDP, consisting of different modules such as
NDP.serve37 and NDP.view38.
The specimen itself should be anonymised through the first expansion stage to se-
cure patient privacy. The specimen context is not involved or tracked during the
process, therefore no fail safe measurements on mistaken identity have to be con-
sidered.
Figure 4.7.: Expansion stage 1 - digitalization and remote access
After a digitalization is complete the specimen should be made accessible via the
web browser or the full-screen viewer. Furthermore as seen in figure 4.7 a second
opinion can be simulated with forwarding a previously created user with the right
permissions. However, the second opinion is not a definitive feature at this point
in development. Additionally first educational purposes can be provided with live
demonstrations of the viewing application. Thus there is no embedded teaching
system underlying which is providing authoring tools.
37see http://www.hamamatsu.com/resources/pdf/sys/SBIS0065E02_NDPSERVE.pdf, accessed on
13.10.2014
38see http://www.hamamatsu.com/jp/en/U12388-01.html, accessed on 13.10.2014
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The NDP.serve software application hosts digital slide images and makes them
accessible via internal networks or the internet. The software comes with the basic
functions of slide hosting and a basic access management systems that provides
users, roles and groups. Different user types provide different permissions:
• General user - basic functionality: view slides, search images, change pass-
word and annotate slides
• Power user - same permissions as general user, but: adding files to server,
attaching document, edit permissions of annotation/folders/files, see server
status
• Administrative user - same permissions as power user, but: user manage-
ment, group management, folder management, define custom user fields
To enable remote access the potential users (the pathologists or researchers) have
to have a general user account with user-name and password, initially communi-
cated with the SCIAN Lab. When supplying multiple institutions or multiple users
from one institution groups can be included to ease up the file management and is
essential for the data privacy of the patient and his specimen. This initial user set-
up has to be done by an administrative user from the SCIAN Lab. Power users may
add new content delivered acquired the scanner so they are also situated within
SCIAN Lab.
Table 4.1.: System requirements of the NDP.serve software
The official requirements on NDP.serve such as shown on table 4.1 reveal that no
high end machine is needed to provide functionality. Given the purpose of use
for clinical use where multiple users are accessing the system simultaneously a
maximum of efficiency can only be provided with higher specifications. Since the
application relies on time critical streaming of the tiled images additionally a high
bandwidth is recommended. This is true for both parts: hosting and viewing. The
last mile plays an important role for the fluidity of the service. While this is not a
problem in the SCIAN Lab, located on the university campus, this can be a prob-
lem on the remote sites. The SCIAN Lab is currently building a 10 Gbps network
connecting the image acquisition and the NDP.serve component providing enough
bandwidth to the service for many users simultaneously. The server can then be
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accessed by internet and is heavily dependent on the last mile in the accessing
institution. A bandwidth of constant 5 Mbps is recommended, while a higher rate
offers more comfort when viewing slides. Since the server has relatively moderate
hardware requirements it can be outsourced on a virtual machine within a server
rack to greatly reduce hosting expenses.
NDP.view software is a dedicated viewer for .NDPI files that have been created with
the Hamamatsu Nanozoomer slide scanners. The main features of the NDP.view
software are:
• Opening digital slides (local file system / published with NDP.serve)
• Navigating on digital slides
• Viewing specimen on different magnifications
• Annotating the digital slide
With this functionality basic research can be conducted and live-presentations can
be held. This covers the functionality outlined in chapter 4.2 sufficiently.
The viewer comes in two different solutions on being a full-screen viewer for win-
dows, the other being a browser based solution, working on all latest browsers.
Table 4.2.: System requirements of the NDP.view software
The requirements for the viewing solutions are outlined in table 4.2 and do not
challenge modern personal computers. However the same basic principle ’more is
more’ in terms of internet connection bandwidth and processing speed applies.
4.2.2. Stage 2: online service for digitalization and access
As seen in figure 4.8 the second stage involves a more advanced approach. Dif-
fering from the features outlined in chapter 4.2.1 the service is expanded now and
slide ordering is now done via a web platform.
Authorized external users fill out a form specifying the need of processing for a sin-
gle or a batch of slides on the online platform. Afterwards the process as described
in figure 3.9 is triggered, the label as provided by the SCIAN Lab (a template for
printing, printed with a special label printer) has to be applied on the slide for later
identifying of the specimen. A special case regarding the amount of slides applies
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Figure 4.8.: Expansion stage 2 - online service for digitalization
if more than 10 slides per case are needed. In this case a transfer box which can
several transport boxes is utilized. These measurements are conducted to mini-
mize the chance of confusion and to uniquely connect one case as registered on
the on-line platform (with the aid of an unique id) to one physical case. Patient data
can hereby be neglected as just the parameters for the digitalization are needed
to process the case. The raised coverage in education and presentation can be
explained due to the fact that acquired material can now be selected more easily
thanks to the online request platform. The second opinion section is raised, too
because of the easier access to it, also owed to the online capability of the service.
Transportation is executed by an external transportation company, which is collect-
ing the filled boxes on a timed basis and then transferring them to the SCIAN Lab.
Once the slides arrived in the laboratory, the label (containing a bar-code) on the
transport boxes is read by the bar-code reader attached to the scanner and the
case is internally registered. Once this is done the status on the on-line portal has
to be changed to ’in progress’. If there are errors occurring during the process a
flag has to be set with the according slide information found within the case to en-
able the system to rescan the slide.
After the digitalization process the owner of the case (known by the user-name on
the on-line portal) will get a notification about the progress, additionally the sta-
tus of the case will be updated to ’completed’ on the web interface. Together with
the notification a link (URL) should be provided to access the case on-line via the
web-browser or the full-screen viewer.
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4.2.3. Stage 3: full implementation of digital pathology within clinic
routine
Stage 3 represents the final goal for this project, the complete implementation of DP
within the clinical process of making a diagnosis. Accordingly the highest coverage
of features is aimed for, see figure 4.9.
Figure 4.9.: Expansion stage 3 - implementation of DP in clinical environment
Since this stage involves the patient’s history for the first time, confidentiality plays
a superior role. The challenge upon this stage is the integration and exchange
between the image material provided by the SCIAN Lab and the remote institutions
patient data within their patient management system (PMS). To diagnose a patient’s
biopsy it is necessary to examine both the digital images and the patient’s context.
In the previous stage the focus was lying on tracking slides internally. For combining
the two acquired informations of patient information and image it is necessary to
bind these together. So far three ways of achieving this task have been thought
of:
1. Attach file with patient’s history to the image
2. Attach file with (or link to the) patient’s images to the patient record in the
remote institution
3. Attach file in DICOM format to the patient record
Possibility 1 makes use of the NDP.serve feature to add files on an image-folder.
The platform where the parameters are set for the digitalization should offer a possi-
bility to upload documents containing the patients’ context, which then are added to
the images via the NDP.serve mask by an administrator. The pathologist can then
52
An architectural concept for implementing the socio-technical workflow of Digital Pathology in Chile
4.2. Solution concept
access this files in case additional information is needed. The pathologist would be
able to record his diagnosis as before on a dictating machine and afterwards the
transcript could be added up onto the internal hospital patient record.
However there is no proof for the extraction function of the patient’s data within the
HIS (most likely it will vary from vendor to vendor), and the uploading of the file
might be a violation of the law for patient data security which has to be investi-
gated further before starting an implementation. The advantage of this approach
lies within its easy implementation, no custom software development would be nec-
essary and in-company training would be minimal. As a conclusion this case is not
very promising because of regulatory issues and patient safety concerns.
The second possibility involves the acquired image being put onto the patient’s
health record. Since the original image would consume too much hard-drive space
only a reference to the actual picture could be included in form of an URL. The
link could then be followed to the NDP slide archive that holds the digitalized slide.
Given the according permissions, the pathologist could view the slides belonging
to the case finding a diagnose or share it, if needed, for an inter institutional sec-
ond opinion to a remote pathologist. The challenge of this approach lies within the
extensibility of the involved HIS. Since there is probably no field prepared for this
information so far, this would necessitate a custom software change impacting on
the HIS. The advantage of this methodology is that the image is still stored within
the data-center of the SCIAN Lab, so that the infrastructure is not impaired by the
transfer of the huge image files.
The final approach suggestion is taking advantage of the recent developments
within the DICOM standard, specifically on the supplement 145. Pre conditional
requirements are, that the institution has a PACS archive system which can hold
and handle the enormous amount of data. To ensure patient data integrity DICOM
comes with a multi-step hierarchy standard: each patient is assigned to a study
(equalling a case in DP). Studies are containing time based images of the same
modality, grouped into series. The study can be identified using the Study-Instance-
UID and specimens via the Specimen-ID. This hierarchy enables the z-stacking of
several images by defining studies. However, the DICOM conform protocols are
not supported by the scanner and therefore need a reliable image re-encoding in
order to work. Depending on the institution that wants to adapt this technology the
investments may vary regarding the prior existence of the PACS. On the downside
this approach holds probably the highest investment towards DP in both institutions
(SCIAN Lab and remote institution). Additional modification of the acquired images
is necessary as well as highly expensive transfer of images between institutions
over the internet. This might arise discussion for security as well as quality issues
regarding the image material.
In conclusion all three approaches might be possible and offer advantages. Ap-
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proach 3 is the deepest integration possible within the external institution postulat-
ing that it has successfully implemented a PACS and is working with the DICOM
standard already, which is yet to be proven. Also it requires the most dedication
from both the external institution as well as the SCIAN Lab in terms of preparing
the images, modify them and transfer them to the remote institution where they
have to be stored. While this approach may offer the most potential when every-
thing is well established, it seems that the second approach offers more start-up
potential because of the less complex implementation and less impairments on the
existing infrastructure.
Questions that remain are widespread and need to be considered before any of the
implementations e.g.:
• Time of archiving
• Trade-off: compression <-> quality
• Failure safety
• Necessity for redundancy and quality of service
• Quality assurance and management
The time of archiving plays an important role due to the large file size of the im-
ages. One possible approach could be to distinguish between long and short term
archiving, this would help to free resources and in the same time give a reference
point for a billing model. Short-term archiving could be including storing of digital
slides and all related files for up to 6 months. At the end of the 6 months period
the owner of the case (which filled out the initial on-line form, or specified a con-
tact person within the process) receives a notification stating that his lease for this
set of images is expiring and that he has the option to renew the lease, switch to
long term archiving or delete the images. Long term archiving might include less or
timed availability owed to higher storage capacity modalities. This topic is only an
issue as long as the image is remaining within the SCIAN Lab.
Another important question remaining is the one about the trade-off between com-
pression and quality. While many papers and the response received from live
demonstrations of the virtual slides for the pathologist resulted that the image qual-
ity is more than sufficient it is likely that it will change applying compression formats
like JPEG or JPEG2000. This will impact all stated proposals for implementation
and requires validation studies to ensure same diagnostic quality is provided when
using DP under consideration of the compression.
Failure safety plays an important role throughout any of the proposals made. Since
human failure can never be fully be debarred, the priority should be set to make
this socio technical system failure tolerant. This can be achieved in various ways,
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on process level one being that only one transfer box can be processed at a time.
Another being the data model utilized when distributing the bar-code for one pro-
cess can only be unique usable, ensuring the integrity of the data. Another integrity
safety measurement is the bar-code read before the scanning process to verify the
current batch of slides against the system that is expecting the case encoding. The
slide scanners software has to have sufficient interfaces to verify that images are
archived with the proper attributes.
Redundancy and quality of service is another topic worth emphasizing. To be able
to offer the service in a sufficient quality to enrol in clinical practice a 100% reliability
has to be guaranteed. This can be through redundancy of modules involved in the
process. Due to limited resources this might will not be possible for key hardware
elements like the slide scanner. Other components like the archive backup can be
dealt with easier (but nevertheless immense costs), e.g. with RAID39 arrays and
incremental backup policy.
Finally quality assurance and management is an important topic to be discussed.
Managing quality in a new process can be difficult and while the quality assurance
on slides can be handled easier, quality management can be evaluated using things
as KPIs collected while executing the process utilizing information systems which
have to be implemented in according states of process. The need for this does
not change no matter which approach is used. For further information on this topic
please see chapter 4.5.
4.3. Monitoring and visualization
All the CSFs and KPIs gathered are useless without proper management. This
includes frequent actualization as well as appropriate visualization to all persons
involved to identify drawbacks and being able to respond accordingly. To further ex-
tract useful KPIs a review process should be established, evaluating the KPIs with
highest information or changing rates. This will help to set the direction towards a
consistent growth of productivity while simultaneously utilizing the equipment to the
highest grades possible.
In order to gather the KPIs a framework, consisting of different collecting modalities,
should be established. To monitor the process later on it is necessary to develop
an information system (IS) and subsequently a data warehouse within, where all
information is gathered and managed. The actuality factor arises the need for au-
tomated process measurement. Once all data is gathered a proper tool is needed
to provide a decision-making ability. For this purpose [Kaplan & Norton 2007] sug-
39Redundant Array of Independent Discs
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gests the Balanced Scorecard in which the comparison between monetary- and
non-monetary values is made. Similarly to the data acquisition through the KPIs
mentioned before, Kaplan and Norton are suggesting four perspectives:
1. Financial perspective - "how do we look to our shareholders?"
2. Customer perspective - "how do our customers see us?"
3. Internal process perspective - "how well is the business running?"
4. Learning and growth perspective - "how can we create and improve value?"
All these perspectives add up to the projects strategy. Within the goals target values
have to be set and periodically evaluated to be able to determine the level of suc-
cess or failure. Following [Kaplan & Norton 2007] ideally a strategy should consist
of not more than 4 strategic goals to achieve, otherwise focus gets lost and progress
is impaired. Additionally visualization can increase the employee’s motivation when
visualized clear and easy to understand.
4.4. Critical Success Factors
Since resources in a project like this are limited, identification of Critical success
factors (CSFs) are crucial to the projects development and success. As described
in chapter 2.7.3 a classification into strategic success factors (SSF) and operational
success factors (OSF) has been conducted. The CSFs have been derived from a
variety of sources including general guidelines (following [Pinto & Slevin 1987]) to
more specific execution strategies (following [Saaty 1990]). The CSFs then have
been preselected and aligned with the projects variables to achieve highest possible
relevance.
Table 4.3.: Strategic success factors (SSF)
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The SSFs as shown in table 4.3 set the stage for the whole project to be realized.
Without all of these factors checked the project will fail immediately at the start or
after relatively short time after implementation. The present factors can be subdi-
vided further into internal- and external success factors. Internal SSFs build up the
core elements to succeed with the project. Essential is a well elaborated architec-
ture concept, which is provided with this thesis is setting up the ground on which the
project can be pursued. Having an architecture concept helps keeping the overview
on a multi layered project like this and in the same time enables enhancements to
be integrated in the already established model without running into uncontrolled
growth. However, important is the refreshing period of the modelling process which
has to be determined during the projects development. Building up on the archi-
tectural concept the funding concept should be established, ensuring a sustainable
and sufficient funding. While the cost during business might decrease over time
because of a higher efficiency, a high initial commitment is necessary to get the
services up and running (for further explanation please see chapter 4.5). Once the
service is up and running a fair amount of resources should also go into person-
nel development. This is important because the operating costs strongly depend on
personnel involved in maintaining and operating the device. While the initial installa-
tion of the service might require professionals, a skilled worker could be responsible
for the operating the system later on. Workshops might be necessary to increase
familiarity with the system and will lower overall expenses for maintenance. Due to
the fact that changing personal will be involved with the equipment and process a
knowledge management concept has to be established to secure the experience
and knowledge won during operation. This concept should involve questions deal-
ing with organizational memory (acquisition), -knowledge (knowledge databases)
and -learning (Wiki-systems). Lastly efficient distribution channels should increase
customer satisfaction to expand and increase revenue stream.
External SSFs are critical to the projects implementation, thus cannot be influenced
directly. The regulatory situation plays an important role once the project is rolled
out within the medical environment. So far there are no restrictions towards where
to practise pathology. However this can change rapidly as the government and
societies are learning about the new technology and its possibilities. While this is
a potential threat to the project it is also a chance for a regulated implementation
once the process is established. Customer orientation implies that the project is
strongly dependant on the customer’s grace. If there are developments towards a
new modality the funding concept can be brought into serious trouble and therefore
the customer’s satisfaction and tendency have to be monitored closely. The last
SSF is concerning the vendor support on which the project is dependant in perpe-
tuity since wear off parts will be needed over time. In this regard a maintenance
agreement would be beneficial.
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Even though SSFs set the frame for the project, when it comes down to business
OSFs are coming more and more into play as there are critical factors for the differ-
ent stages of the project which were described in chapter 4.2.
Table 4.4.: Operational success factors (OSF)
As described earlier OSFs are dealing with the operational level of the project. The
allocation of different levels arises the composition of different aspects dependant
on the expansion stage the project is currently in. It was pointed out before that
the stages have increasingly higher requirements towards security and privacy this
explains the division into the three stages for the OSFs.
With stage 1 offering the very basic functions that the slide scanner is providing
the OSFs are reasonably to achieve. Of course the scanner has been assembled
and tested prior shipping through the manufacturer, nevertheless it is necessary
that the image quality that the scanner is delivered with is sufficient for the purpose
(1)). Number 2) is dependent on the local structural conditions which is allow-
ing the scanner to deposit the images acquired on some kind of storage media,
which is sufficient to handle the scanners batch functionalities (Nanozoomer XR
can process up to 320 slides in one batch). Concerning 3) User-management is an
important as it is possible to access the digital slide archive via the internet. Roles
(as described in chapter 4.2.1) have to be defined in order to restrict access and
avoid inconsistencies. The tracking of slides as mentioned in 4) is not as impor-
tant in later stages as there is no patient information involved in the process yet,
but there is another reason concerning quality issues. The tracking mechanism is
part of the scanner management system but to ensure quality it cannot be relied
on completely. Finally the remote access is picked out as central topic and while
accessing a slide archive only from the Intranet is more feasible, the access from
the internet holds up more challenging threats in terms of firewalls and encrypted
connections. Nevertheless the slide archive has to be accessible from outside in
order to deliver the service as there are primarily external institutions involved.
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Stage 2 takes into consideration the on-line platform which allows to order digital-
ized slides with certain attributes such as magnification or quantification. Involving
another dimension, as described in 1), to the service is also adding up OSFs to the
table. The platform has to have a 100% availability for customers to order, this has
to be thought of when choosing a host provider for the platform, cost should play
an inferior role compared to availability. Targeting on the long term a high level of
automation on-line platform should offer interfaces to interact with the slide scanner
to avoid lengthy manual configuration process for e.g. defining folders and user
rights via exchange formats. Therefore a data model should be designed to be able
to interchangeably communicate between the two components.
Stage 3 states points that could be classified as external factors that cannot be
influenced and are the hardest to provide. Simultaneously it is necessary to pro-
vide these features reliably to enable implementation into clinical routine. 1) states
that physical connection between the institutions has to be fail safe, so in case
there is a loss of connection there is redundancy to absorb losses. 2) describes
the requirements of the connection between end points which has to be sufficiently
encrypted most likely with end-to-end encryption methods. The data itself should
be sufficiently secured, this involves the physical access as well as the access over
network, restricted through firewalls as well as restrictive user management and
isolated physical storage of the image files.
OSFs are highly dependent on the SSFs in this pioneer project as the service can
only be delivered when all the aspects are full filled. The combination of the two
(OSF, SSF) factor types are complementing the superscript of CSF. The finer differ-
entiation allows a more detailed analysis of the projects chances to be successful.
4.5. Key Performance Indicators
KPIs as previously described in chapter 2.7.4 which are enabling performance mon-
itoring and, according to the shortcomings, improvements. However there are some
guidelines to ensure usability of the correspondent KPIs like comparability, com-
prehensibility and actuality. While the first two points depend on the management
decision of defining the KPI, the last one is actually dependant on the modality of
reporting. Most likely there is an information system necessary to collect the re-
quested parameters and monitor the KPI accordingly.
For establishing possible KPIs an analytic point of view has to be taken. Thanks
to the business process model which has been done earlier this process has been
straight forward. The KPIs found have been grouped for clarity issues into four
different main areas:
59
An architectural concept for implementing the socio-technical workflow of Digital Pathology in Chile
4. Results




These four areas cover the main fields on which the project is based. According to
the situation a weight can be given to prioritize the elements according to the need
the company has at any given point in time. The KPIs themselves can be further
classified into simple and complex KPIs. Simple KPIs being measurements that
can be measured directly, for example the time for doing an action. Complex KPIs
are often consisting of two or more KPIs put together in a certain way. Like this
more complex circumstances or dependencies can be benchmarked. These KPIs
enable a company to be comparable to other, similarly working institutions.
Table 4.5.: Indicators of internal process quality
Internal process quality (figure 4.5) is the first area of focus describing the maturity
of the process on an internal level. Starting off with the simple KPIs the numbers
1) to 3), are dealing with the time consumption of different sub processes. Since
operational costs are increased with higher throughput times they should be ideally
minimized. The development will start with a relatively high value but then should
be monotonically decreasing as experience with the equipment is increasing until a
productivity limit is hit, where only technical improvements can decrease throughput
time significantly. The three figures can be added up to indicate a more complex
indicator: the complete processing time for a slide. The finer distinction enables us
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to identify processes which may have more potential for time reduction than oth-
ers. Number 4) is monitoring the complaints of customers as cases may have been
interchanged and can therefore not be processed further or other impairments to
the service occurred. This KPI shows how failsafe the process is. Given a proper
tracking system, a strictly monotonically decreasing should be targeted. The goal
is a reduction of customer complaints on 0. Small changes to the process might
increase initially the rate of complaints due to errors, but long term evolution should
also be declining. Not only is a mix up of slides a potential cause for complaints:
evident from the BPMN other sources of complaints are emerging, such as trans-
port problems with broken slides or misleadingly deletion of files within the digital
slide archive. The amount of rescanned slides as shown in number 5) is an in-
dicator for the scanner configuration quality, which is contributing to the process
quality. Rescans might occur due to out-of-focus areas and refer to a faulty scanner
configuration, other sources for the need of rescanning are varied, one being that
the batch processing might be impaired or proper slide tracking cannot be guaran-
teed. Another throughput indicator is the quantity of slides scanned over a certain
period of time, giving information about productivity. Reading this figure enables
comparison to other times when the process was conducted disregarding the time
needed to process the slides. The tendency should be a steady increase up to a
limitation level where the scanner is fully utilised. Supported partially by the simple
KPIs the complex KPIs for the internal process quality are derived. Starting off with
the delivered in-full, on-time (DIFOT) rate is measuring the delivery performance in
supply chains from the viewpoint of the customer [Jodlbauer 2008]. In other words
this KPI is measuring how often the customer gets what he wants, when he wants






S – supplier’s reliability,
n – orders,
non time – orders delivered on time.
Because this project is designed as a contract manufacturer a high DIFOT rate is
desirable, which is conflictual with other variables such as a low rate of inventory
supplies. The rate itself should increase during time the process is established,
ideally to a 100% rate.
Nr. 2) is a KPI originating from the project controlling is the earned value (EV)
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analysis. The method itself utilizes cost, value and schedule. It supports direct
measuring in any currency or other metrics available.
Figure 4.10.: Earned-Value-Graph following [Drews Günter 2007]
The key components of the analysis are the planned value (PV), budget at com-
pletion (BAC), actual cost (AC) and the earned value (EV) itself. This method is
particularly useful outlined by [Anbari 2003] because it is providing many informa-
tion about:
• Scheduling situation of the project
• Budget situation
• How efficiently funds are used
• How efficiently time is used
• What the total cost of the project will be
• How big is the cost variance in the end of the project
Problems with this methodology can be over- or under-estimation of investment as
well as future problems that are not yet revealed. A common misconception is also
the final 10% of a projects value which takes up to 40% development time.
Number 3) overall equipment effectiveness (OEE) is the next, more technically ori-
ented KPI focussed on productivity. Based on the fact that machines (in this case
the slide scanner) can never run on 100% efficiency basic categorizations on de-
ficiency areas are conducted. The main objective of an OEE calculation is to in-
crease productivity while reducing cost, identifying the equipment’s potential and
opportunities. According to [Stamatis 2010] the six big losses in equipment are:
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Taking these losses into consideration an OEE rate around 85% is considered an
ideal trade-off between quality and performance. [Pomorski 1997] suggests the
following formula to calculate the OEE:
OEE = (A) ∗ (PE) ∗ (RQ) (4.2)
where:
OEE – overall equipment effectiveness,
A – availability,
PE – performance efficiency,
RQ – rate of quality.










And rate of quality is defined as:




Measuring the OEE alone does not benefit the institution, the important thing is to
link the sources of the previously mentioned six big losses. The acquired targets
can then be specifically addressed to be improved and increase the OEE onto a
certain limit, e.g. 85%.
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Number 4) is suggesting to measure the process or machine downtime level follow-
ing a simple rule: once a machine is not working or producing anything no money is
made. Therefore the downtime level seems to be a reasonable start when thinking







TA (t) – actual productive time in a period t,
PPT (t) – planned productive time in a period t.
The downtime level should be minimized in order to provide ideal productivity. Tak-
ing into consideration planned and unplanned drop outs after some time the pro-
cess is established a plateau will be reached where no further decrease of the
downtime level will be possible. Additional to the expenses for maintaining the ma-
chines the labour cost for the employees cannot be neglected as they are paid,
even though the machine might not be running.
The last multi-item measure is the quality index (QI) borrowed from the quality as-
surance, which is combining operational- and service-quality including metrics like
first pass yield (FPY) and defect rates [Marr 2011]. FPY establishes a ratio indicat-
ing in how many cases corrections or reworks were necessary during the first time
digitalizing the slides. The ideal case would be that no reworks are necessary and
all slides will pass without problems to be examined by the pathologist.
Summing up the section of internal process quality is measuring performance on
every aspect related to this project. Neglected is hereby the diagnostic perfor-
mance, since this is not within the scope of this project. While the simple KPIs
provide better comprehensibility, the complex KPIs are more suited for visual repre-
sentation for the employee, motivating him for better results within the range of the
technical limitations. The complex KPIs generate a more meaningful conclusion
which can help to make managing decisions on the (technical) operational tier.
The following section is dealing with the important topic of customer satisfaction
(see figure 4.6) which the service is providing, not focussing on acquisition of cus-
tomers but on keeping them.
Starting off with the simple KPIs, the first KPI is tracking the number of incoming
slides in a given time period, valuable to extract trends like seasonal oscillations.
Furthermore it is giving a basis for ratios to be calculated for other KPIs. Generally
a rising number is desirable.
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Table 4.6.: Indicators of customer perspective
Number 2) is monitoring the failed scans (out of focus areas or non-assignable) due
to a faulty scanner setup or other factors. Besides measuring the general perfor-
mance of the scanner, this can lead towards a relational calculation together with
7) and 8) which are explained later. The development of this variable should be
steadily decreasing towards 0. 3) and 4) are evaluated to track the consumption of
necessary storage, it is revealing also the customers intentions for how long they
are planning on using the service. This KPI can also give a certain amount of
planning reliability once the service is established a few months taking into consid-
eration the growing catchment area over time. Naturally an increasing number is
desirable, but comparing the two figures a fixed ratio can be derived on how much
space will be necessary in a future time period.
Continuing with number 5) this KPI is a measurement for acceptance of the second
opinion. Registered users request another user for second opinion to access the
acquired material. The second opinion is usually practised inter-institutional and
can be of an international scale.
Number 6) is dealing with the performance of the transport company. A high num-
ber indicates a rough treatment to the goods that they are carrying. Since this is
verifiable relatively easy (comparing data from online-platform and actual present
slides) and in the same time is very important for customer satisfaction a high pri-
ority should lie on monitoring this KPI.
KPI 7) is broaching the issue of actual customer complaints. A high amount of com-
plaints indicates a low customer satisfaction and accordingly a shrinking customer
loyalty. Especially at the start this should be avoided at any cost to not threat the
projects sustainable development. Nevertheless it will not be possible to push the
number to 0, but learning from the complaints and make adjustments to provide
better service should be targeted.
The last KPI 8) is bringing up the topic of reclamations. Setting apart to complaints
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reclamations are less severe, but bringing the provider into need for action to de-
liver the desired service quality. When combining this indicator with 7) a tolerance
limit can be established for the customer, by finding out how many reclamations will
be necessary before a complaint is raised.
Moving on to the more complex indicators and starting off with 1) Customer Lifetime
Value (CLV). Borrowed from marketing this value is expressing the value of a cus-
tomer within a number. This is important when thinking about strategic adjustment
in customer development. CLV is calculated according to [Berger & Nasr 1998],
neglecting the marketing cost part, which is not applying to this project due to the










CLV – Customer Lifetime Value,
GC – gross contribution margin (p. c.),
n – length of cash flow projection,
r – annual retention rate,
d – annual discount rate.
It is possible to determine the worship of one customer, which can then be, once a
customer is not utilizing the service any more, expressed in monetary loss. For this
reason the risk for losing customers should be minimized splitting the value onto
multiple customers. Like this huge financial breakdowns can be prohibited.
The Customer Satisfaction Index (CSI) (2)) is the next indicator visualizing the cus-
tomers alignment towards the provided service. [Fornell 1992] first showed the first
satisfaction barometer in 1992.
Seen in figure 4.11 is the closed loop of the customer’s satisfaction, whereas the
customers’ expectations (which have been elaborated during the project) build up
the source. They lead, together with the positively correlated perceived perfor-
mance towards the satisfaction level, which then results in complaints and eventu-
ally loyalty towards the service provider. A high satisfaction is the cause for declin-
ing complaints and will in the same time rise loyalty, which is then raising the CSV
as described earlier.
The following KPIs are centred on the employees involved in the process reclining
to the field of human resource management. Number 1) is an indicator related to
the complexity of the process itself. Generally the vocational adjustment time for
new employees should be on a steadily declining level until a global minimum is
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Figure 4.11.: Influences on customer satisfaction, following [Fornell 1992]
Table 4.7.: Indicators of employee satisfaction
reached, which is inflicted due to the technical limitations. To reduce operating cost
there should be a shift downwards in qualification from an expert technician towards
a skilled engineering worker if possible.
Subsequently the next indicator (2)) should be treated, starting with no experience
with the technical environment, the maintenance time will be significantly higher
than after several circles of maintenance. The man-day value will most likely rise,
whenever changes to the system are made or new employees are hired. Good
knowledge management should keep the variation between employees on an over-
all low level.
The last of the simple KPIs is dealing with the administrative effort (3)), also regard-
ing the on-line services in expansion stage 2 as described in chapter 4.2.2. Given
that there is a range of customers requesting digitalisations the administrative effort
will rise, mostly through tasks like the attribution of images and server maintenance.
This problem can be avoided through automation but never completely eradicated.
More employees have to be allocated once the service has a certain popularity,
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resulting in an instant jump in values. Overall a declining tendency resulting in a
minimum level should be aimed for.
This section is dedicated to the complex KPIs related to the employee, first one
being the workload per employee (1)). This indicator deals with the strain of individ-
uals involved in the process that is going to be implemented. It is common sense
that a high workload over a long period of time is contra-productive so an optimal
measure should be found. After the service has been deployed and more and more
customers are requesting it, it might be appropriate to think about load balancing
the work, maybe recruiting more persons. Since every employee is different and
every work differs in subjective strain, [Boff et al., 1994] suggests a selection of






This KPI is most likely to change during the different phases of the process maturity
and should, after an adaptation phase, remain steady. The allocation per employee
results up on the subjectivity.
Employee satisfaction is directly related to the workload of an employee, given the
right combination a synergy between workload and satisfaction can be achieved
resulting in an overall higher productivity. Not only is productivity dependant on the
satisfaction but also the service quality stated by [Atkins et al., 1995]. Maintaining a
high level of satisfaction is therefore improving the profitability of the service while
providing a higher quality and in the end more long term customers. A close and
actual monitoring should be kept to optimize this variable. This indicator, together
with the CSI is building up a very high priority to monitor and adjust.
The last indicator of employee engagement level holds an ambiguous identifier. In
literature many definitions are used simultaneously, yet [Robertson & Cooper 2010]
defined this term accordingly: "a positive attitude held by the employee towards the
organization and its value. An engaged employee is aware of business context,
and works with colleagues to improve performance within the job for the benefit
of the organization. [...]". To create a psychological state like this many strate-
gies mentioned by [Kompaso & Sridevi 2010] seem to be suited, which states that
providing
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• two-way communication,
• satisfactory opportunities,




are key elements for a high level of engagement.
To conclude this section it must be mentioned that the part of employee satisfaction
often gets neglected and instead the customer’s satisfaction is foregrounded. Cer-
tainly customer satisfaction is the key factor for sustainable success, the employees
are too since they will rise the customers satisfaction when delivering higher quality
work which they are trained for. Especially in this projects area technical exper-
tise is needed and should not be reduced to pressing buttons not knowing which
processes are underlying.
Table 4.8.: Indicators of financial performance
After dealing with the employees’ performance finally the financial indicators have
to be discussed. The most important KPI is the total cost of a digitalized slide.
This depends on many factors. The process has to have reached a certain level of
maturity to provide efficient procedures. Also the employee does need the practical
skill to usr a minimum amount of time for configuration or other processing of the
slide, which is also related to the previous section, e.g. employee engagement. All
this determines the invest of the SCIAN Lab to produce a digital slide, respectively
it is dictating a minimum price to be asked to demanding remote institution. While
the primarily goal lies more on a sustainable continuous execution of the service
than on pure profit, this indicator still has to be kept closely in mind.
The complex indicators of this category are introduced with a classical figure Return
on Investment (ROI). This allows the calculation of how much benefit is resulting
from a certain investment. The ROI is calculated as follows:
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The development of this figure should be rising over time. The RoI is often used
when it comes to budgeting a new investment and the danger persists that the ini-
tial RoI might not be tempting to do the investment from a sponsor point of view
[Phillips 1997]. These doubts can be encountered with a simple, economical and
credible RoI process.
2) complex KPI is the marginal utility. Like every technical system the slide scanner
has limitations when it comes to productivity which cannot be overcome. Naturally
productivity should increase given more resources, but given the specifications of
the scanner, which can process up to 320 slides in one batch, each slide has a
scan-time of around 30 seconds, this implies the limitations. Even more slides to
process or more people preparing the slide attribution will not overcome this bottle-
neck [Rittenberg & Tregarthen 2009].
The following indicator (3)) is bringing the employee in relation to the revenue






The ratio is particularly useful when comparing to other providers which are offering
the same services. Though this might seem not useful at first, it can be valuable to
estimate the value of one employee to justify further investment towards the service
(especially in the university area). This KPI is also connected to the productivity as
a high RPE suggests a higher productivity [Fitz-enz 2000].
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The approach utilized in this project was not new in its components but in the com-
position. Methods of the HCI were combined with methods of empirical research
such as questionnaires and contextual inquiry. This project shows one possible
approach to an interdisciplinary project and even though the focus lied within theo-
retical aspects, it can show a high relevance to the actual on-site implementation.
But the used methodologies are not without flaw and these will be discussed within
this chapter.
5.1. Participant observation
The participant observation is a controversial topic, it was necessary to observe
several pathologists within their work environment which made the process very
time consuming and sometimes hard to schedule because the doctor’s observation
period was limited. Through the form of the ’overt’ PO another problem arouse: the
observer effect which was indeed hard to reduce. People knew they were under
observation and were accordingly changing their behaviour, they often asked ques-
tions within the process of the observation which distorted it, even after instructional
explanation. This led to a biased result in terms of utilized time for certain actions.
Another problem was the amount of incomplete information: while the pathologist
was within his work routine, the observer can have difficulties to comprehend why
a certain action has been taken. This has to be noted until the final discussion
takes place and maybe the observed pathologist forgot the context of the action.
In addition not many emergency case situations (so called intra operational frozen
sections) could be observed. Given the case of frozen biopsy, only in one of the
three covered institutions, where a pathologist was observed, a case like this could
be witnessed. Another factor which is impaired is the subjectivity of the participant
as well as the observer. This factor was tried to overcome with observing in multiple
institutions, yet cannot be completely eradicated since only one person conducted
the research. Generally speaking the methodology of the PO is suited very well
for the initial research within a new field, without much preparation a lot of infor-
mation about the workflow can be gathered in short time. The PO should be used
only to a limited extent because after visiting two institutions processes repeated
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and efficiency was lowered, the process then could then already be abstracted to
establish the models. Nevertheless the PO pointed out a rough sketch on how to
narrow down this project. Though the possibilities for a bias seems to be very wide
spread and cannot be neglected, therefore, as done in this case, a combination
with other methodologies should be chosen and awareness managed to achieve
the best possible result.
5.2. Modelling
While models offer advantages like the simulation of certain scenarios or the rapid
process of changing certain components, there are some downsides to be men-
tioned. Models are always working with a certain point of abstraction, which makes
it hard to establish a model for different point of views. According to the precondi-
tions the right modelling technique as well as tools have to be selected. Utilizing the
classification mentioned in chapter 2.7 a low level of process maturity is reached
since the planning had just begun. A focus more specialized on the core processes
is needed and should be sufficiently covered with the utilized modelling techniques.
Any kind of modelling can help planning to increase effectiveness and efficiency
even before the process is established, once the right tool to do so is selected.
5.2.1. BPMN
The BPMN is offering a structured approach that is capable of a process based
modelling interacting between humans as well as machines. Additionally inter-
institutional modelling is offered with the pool structure in a set structure of ob-
jects and constraints. Another benefit of the BPMN is its readability, all participants
of the project could, after a fairly short period of vocational adjustment, read the
model and add to it if there was a shortcoming. Overall a very good function of rep-
resentation is provided with the BPMN. Though the capabilities to model any kind
of processes found in a company are very good, there are some downsides: since
the BPMN was developed for bridging the gap between customers and developers,
some aspects may stay unrevealed when working on the technical side, such as
transport protocols, data models and output forms. Luckily these information can
be supplemented with auxiliary notes that have no impact to the process itself.
Overall the BPMN offers a very good entry point for modelling processes com-
pared to other modelling approaches like UML, flow charts or Event-driven process
chains. The functionality coming with the BPMN, like token simulation is valuable
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when the process maturity is more progressed (after the first implementation) and
more estimations can be made.
5.2.2. 3LGM2
The 3LGM2 proved to be a controversial approach. With its newest scientific publi-
cation in 2010 its relevance can of course be questioned. Many authors claim that
the functionality is compromised by the limited amounts of objects that can be used
and the few locations it is utilized (University of Heidelberg and University of Leipzig)
are compromising its relevance. As a matter of fact the 3LGM2 operates on the un-
derlying an outdated UML schema of 200340. However the capabilities to display
business processes are also limited since the domain layer which accommodates
the enterprise functions is not capable of decision support such as gateways in the
BPMN. The functions themselves can be modelled extensible in terms of structure,
functions and the representation form. It is possible to display a sequence of ac-
tions or objects but the readability of the notation is suffering. Generally lots of the
documentation is hidden not to be seen when looking on the model from a distance.
The amount of detail that can go into a model like this is limitless. The separation
between the layers is reasonable and also for non-technicians relatively easy un-
derstandable. In terms of usability the 3LGM2 tool-kit needs an overhaul. The
ravages of time are clearly visible. A definitive benefit of the 3LGM2 is the availabil-
ity to define inter-layer dependencies which visualize in a nice way how a complex
IT-infrastructure has to be implemented and configured. No question, the 3LGM2 is
far from being perfect, and the limitations on the domain level prevent this method-
ology from progressing, but the primarily use case: to display IT-infrastructures with
dependencies, offering a wide variety of communication models (including Health
Level 7 (HL7)) is fulfilled. Possibilities like the high amount of customization are
overwhelming new users easily. But used in combination with the BPMN this can
be a good approach for planning an IT- system like this.
5.3. Questionnaires
This presents probably the most classical approach for data acquisition utilized in
this project. The goal was to elaborate general facts about the pathologists work as





An architectural concept for implementing the socio-technical workflow of Digital Pathology in Chile
5. Discussion
In this case the paper-based questionnaires were prepared which were translated
later on in a digital accessible form for portability. Since the literature shows highly
differentiated opinions, this was still the way to go for finding out how pathologists
in Chile are embracing DP.
Based on the answer quantitative statistics could be conducted which lead towards
a valid and reliable scientific result. The disadvantages of this methodology like
a high failure ratio (e.g. participants do not respond) and a high likelihood of ex-
ternal influences are partially eradicated through the execution of the study. Con-
sequently the positive arguments of questionnaires, like clear structured answers,
more honest answers and the avoidance of interview mistakes, are outbalancing
the weaknesses. Problems arose during the requirement analysis questionnaire
when circumstances of the case have not been verbalized clearly enough previ-
ously (impacted by the language barrier) or the allocation of the values (e.g. the
distinction: high to very high) has not been understood in the sense of the creator.
These problems have been tried to overcome through an iterative process to re-
fine the questions with test persons familiar in the field. To ensure data quality the
following aspects have been revised and applied to the highest, within this project
possible, extent:
• Ensuring quality factors (objectivity, reliability, validity, ...)
• Ensuring the qualification of the participants (only pathologists were asked)
• Ensuring compliance to rules (Data security, avoid threats to personal in-
tegrity)
The problems involving the error of central tendency or error of extreme tendency
can naturally not be completely barred from the study. Also the acquiescence ten-
dency is not neglected but can neither be eliminated.
5.4. Solution concept
This approach of identifying key success factors and prioritizing them is following
on methodologies of different agile project management methods, e.g. PRINCE
2 and Scrum. The structuring into several expansion stages offers a finer subdi-
vision of requirements reducing complexity of the project. Similarly to the Scrum
methodology the milestones or expansion stages can be seen as sprints, which
differ from the original agile method by increasing in length of a sprint. The adap-
tation of agile methods in project management can be highly beneficial in terms
of change management, due to shorter development cycles and, according to the
expansion stage, changing context and involved personnel. Requirements may
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change rapidly during the development process and a fast adaptation is necessary
to ensure to meet them all. A positive side on this fast adaptation is the relatively
rare need for changes post development. Though agile methods might be suited, it
is recommended establish a process model on how to react upon changes during
the development process, securing a documented change-log. The project which
is broken up into smaller bits can then be processed by focus groups iteratively
providing more and more functionality as they progress. Simultaneously the time
to market for the service will be reduced thanks to the intermediate steps in form
of expansion stages. Similar to the PRINCE 241 method, every stage has its own
recommended actions derived from the CFSs to be able to succeed to the next
milestone. Hereby the advantages of the PRINCE 2 approach should be focussed
on, e.g. the high user centric development avoiding the goal of finishing the project
as end in itself but aiming for the business case. Once this project has been con-
ducted successfully, this could establish a standard for following projects in terms of
execution even though the standardized documents might need custom adjustment
to fit the needs.
5.5. Critical Success Factors
CSFs as perceived during this thesis build the vital core of this new service that
will be established. Naturally in a pioneer project many CSFs arise and therefore
a classification as in the present case is recommended. However, the source is
of theoretical nature and therefore cannot be evaluated before the implementation
has taken place. Literature helps out in this case as authors are trying to remove
stumbling blocks by providing their own experience like [Stathonikos et al., 2013]
or [Pantanowitz et al., 2013]. But the process of implementation is neither viewed
from the same condition nor conducted under similar circumstances. The con-
cept of providing a nation-wide open access to digitalization is new and therefore
requires practical trial. Because of the projects settlement within a university insti-
tution some more challenges like funding and more future-oriented adjustment than
in private environments. To visualize the process and in the same time be able to
show the progress achieved to the stakeholders will enhance the involvement of
investors on the project even further. In fact, they will see how their money is spent
on a check-list. Here comes the separation of the CSFs into play: while the strate-
gic success factors allow tracking long term developments within the project and
respectively this can be used as justification for stakeholders, the operational suc-
cess factors offer a way to visualize the milestones for the persons closely involved
41see www.axelos.com/prince2, accessed on 21.11.2014
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in the project. This might increase the motivation as well as the ability to keep an
eye on the bigger picture. During the development of the project new CSFs might
arise that lied unrevealed before. Therefore a review of the CSFs should be done in
reasonable time periods (e.g. at the beginning of a funding period or when hitting
new milestones), regarding the expansion stage as shown in 4.4. The CSFs in all
their variations are important for the project’s success for involving and updating
stakeholders of the project on the status.
5.6. Key Performance Indicators
Since this is the first project of this scale in South America a special role has to
be assigned to it. The primary goals are differing from other projects, mostly con-
ducted in the industry. Even though the highest priority goals involved providing
a more effective and efficient health care for people in Chile the measurement of
how well this goal is achieved is necessary. The project itself was not ready to be
implemented when this thesis was written so all KPIs are an estimation and have
to be proven in the routine operation and are based on model assumptions for now.
Given enough maturity of the involved processes KPIs can improve the productivity
of processes with the aid of controlling tools like the Balanced Scorecard. Impor-
tant when applying this methodology is the clear identification of people responsible
for an according KPI, ruling out exogenous factors like a different strategic align-
ment of a customer which results in lower overall equipment effectiveness due to a
lower degree of utilization. Furthermore it is important to apply risk management to
the process since the balanced scorecard does not involve this in its basic model.
These indicators allow a structured controlling and timing on an operational level
that can be used to increase process maturity. It reveals, given a constant and on
time monitoring, weaknesses of sub-process and is therefore a tool to identify and
improve processes alike. As mentioned before on the CSFs the KPIs have to be
evaluated over time to reveal which KPIs have the explanatory power. The KPIs
have been derived from the process models that were created earlier in addition
to this work. Thanks to the BPMN tools permitting an (XML-) attribution a direct
simulation of the established process is possible. While the KPIs itself are only a
pure measurement of quantity, appropriately monitored and displayed, it can help
motivating employees achieving e.g. a higher throughput or less downtime.
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5.7. Conclusion
This project, unique in its current location and type, holds up so many possibilities
and yet many sources of failure. Technical progress is overtaking and humans have
to adapt to this rapid changes because of global competition. While this seems to
be no problem for completely new processes or activities, well established pro-
cesses face a huge challenge. Grown over the years and burdened with outdated,
often paper-based, relics the transition into the digital world, especially in the med-
ical field is difficult. One thing that should not be forgotten within this fast pace
spiral of new developments is the human being that is faced with them, in this case
the pathologist. He observed specimen all his life (educational and work-related)
using bright-field microscopes. Naturally the process of familiarization has taken
over. Many scientific works are dealing with the evolution of technology, pointing
out the great benefits for the participants of this new technology. But it is forgotten
that the people who are using this technology have to be prepared and the devel-
opment cannot progress without them. There is a reason why younger pathologists
are less scared, yet encouraged and curious about the new technologies: they are
digital natives. Another argument is, that the clinical environment is not prepared
for this kind of extension. The hardware lacks processing power, the infrastructure
is not sufficiently strengthened barely capable of providing the basic functionality in
terms of e.g. storage and bandwidth. DP forces the institution to new investments
in not negligible amounts, offering at least in the beginning, no revenue stream due
to longer preparation times and higher cost per slide. Additionally pathologists,
under ideal circumstances (experience, technique affinity, ...), will be working with
at most the same efficiency. Furthermore as soon as the institution decides for a
scanning device it is ending up in a vendor dependency. Missing standardization
is prohibiting easy exchange, even though some solutions are trying to overcome
those limitations (e.g. OpenSlide).
The idea of the FONDEF project starts exactly here, trying to give solutions to
the basic arguments for implementing DP and turning them into benefit. All the
negative effects are eradicated for the institution when providing one single scan
station in the surroundings of the institution providing the service of digitalization
and more. With the aid of the internal tracking system, currently under further
development, it will be possible to associate the patients contextual information,
which is needed for giving a robust diagnose, with the generated digital slide and
enable a world-wide access via the internet. The slide itself will be initially stored
on servers of the SCIAN Lab so that the hospital itself does not necessarily need
its own storage management, except when additionally implementing the IHE / DI-
COM profiles. A monthly fee, that is in no way comparable to the investment into
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a complete data management solution, will be charged to provide DP to as many
institutions as possible. The development is conducted closely together with the
pathologists of the institutions that want to adapt this technology. This secures the
maximum acceptance onto a technology that will be utilized more and more in the
future. As experience is growing the performance and maturity of the processes
will increase, which are then monitored through the CSFs and KPIs. The socio
technical approach used within the project where the social component (the pathol-
ogist, technicians, ...) is not neglected will have a higher accession than other
approaches. In consideration of the utilized methodology this project will flatten the
way that DP is adopted in South America. Nevertheless extensive modelling cannot
overcome practical challenges and not everything can be predicted without actually
experiencing it. Standards for diagnostic quality are rising and quality management
becomes a more important role in pathology. Digitalized slides are not only offer-
ing easy access but also image quantification that can be utilized to display ratios
of certain elements in an area of interest, the capacities often overburden internal
hospital capacities and are therefore best possible outsourced to SCIAN. Another
important role plays DP in education, the current practice is to have multi headed
microscopes during educational sessions, or use static pre made screen shots to
illustrate. The involvement of DP in education is one forerunner for the future ac-
ceptance. Since young pathologists are constantly in touch with the technology
prejudice are overcome and efficiency is improved through experience. Lastly the
second opinion is so much facilitated when access from anywhere is possible that
the option to send a slide via mail seems so outdated like sending a letter with a
stage coach. The trend towards DP is unstoppable and will accelerate further in
terms of new developments and efficiency.
After intensive literature research and all processes explained, the hypothesis an-
swering the central question if all the modalities utilized within this project are con-
tributing to optimize the use of DP cannot yet be answered and therefore the hypoth-
esis has to be discarded due to the missing implementation within the pathologists
clinical practice. Nevertheless this approach seems to be very promising and will
be complemented further in the development process.
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6. Outlook
Quo vadis digital pathology?
DP will grow stronger, with many research fields covered now or in the near future,
the usability will increase. Even today the scan times for a single digital slide lies
within 30 seconds or less, depending the parameters. Better algorithms will be able
to distinguish finer between good images and out of focus regions and accordingly
adapt to the scanning process. Bigger batches will increase, given the proper im-
plementation, the productivity adding more and more slides which are processed
autonomously. Scanning of fluorescent slides will be more of an option than it is
today, and maybe frozen sections can be processed as well. A huge topic is the
standardization within the field. Here expectations lie on the further development
of the DICOM supplement 145 and the IHE integration profile to be on the long
term able to integrate the modality within the hospitals PACS environment more
easily. As suggested by the ASCO / CAP (as described in chapter 2.5.5) subse-
quent validation studies have to be conducted to ensure maximum patient security
on every pathological site. This will raise acceptance and courage pathologists to
become more engaged with the technical possibilities of DP. To ensure quality on
an international level an institution similar to the Nordic QC should be established
to provide reliable standards for practising medicine with the aid of WSI. The Food
and Drug Administration (FDA) holds the key to successful commitment towards
the use of computed quantitative methods in image analysis in medicine. On the
long term decision support systems could be possible which not only quantify but
also give advices on possible treatment and eventual reciprocation with other med-
ical treatments. These processes could be supported by the latest developments
in machine based learning. Though the idea seems promising these are dreams of
the future. One step back to the nearer future leads towards using digital slides on
mobile devices efficiently, the area here is just opening up and has huge potential
for revolutionizing the market once more. The pathologist, watching his slides via
the internet on a vacation island will not long be an illusion, just as radiology put it
across before.
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